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| To the Right Honourable 
. ©- GzoRGe, Lord Baron of Dartmouth, 
Maſter General of Hu Majeſties Ordnance 
and Armies, Maſter of the Horſe to Hu 
Majeſty, Lieutenant of bu Majeſties Fo= 
reſts of Holt and Wilmore, and one of 
His Majeſfties moſs Flonourable Privy- 


Conncil, : 


My Loxp, 


\HE enſuing Papers hum- 
' bly beg they may adven- 
ture upon the Publick un- 
der your llluſtrious Name. 'The 
are deſigned for one of the Nobleſt 
Uſes that can concern: this Iſland, 
and { not rudely to approach your 
Lordſhip with an Obvious or Un- 
ſtudied Offering ) they are the Re= 
ſult of a long Theory and Experi- 
ence, derivd to me by Traduction, 
an early Education, and other Im- 
gg very powerful and inde= 
ible. I have hopes to be accepted 
| A 2 in 
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in this Addreſs, from your Lc 
ſhips propitious Inclinations to- 
wards all who any way promote the 


| Engliſh Intereſt, and Title to their 
Navigable Country the Ocean, A' 


Title and Intereſt, my Lord, which 
your Honourable Self has proſecu- 
ted and made good, under the 
Greateſt and Braveſt Admiral, with fingu= 
lar Renown. And your Goodneſs 
being equally match'd with your 
Valour and Conduct, and both. e- 
minently conſpicuous; -I crave the 


benefit of its Influence and Favour, 


and above all, the great Honour of 
being, Ws 
 MrLoxo, 
Your moſt Obedient, 
moſt Humble Servant, 


* M. Noxwoop. 


To 


ddreſfs, from your Lord- : 


bs 'To the Right Honourable - 
The Maſter, Wardens, and Afliftants 


OF THE 


Trinity-houſe of Depiford-Strand, 


-Ooks on a fubjeHt of ſo great benefit to the 
Publick as this I Treat of, may expe& a 
favourable Reception from the World ; 
upon that very conſideration, I entertain 
not my Reader with nice anq uſcleſs Speculations, 
but have endeavour'd to promote and advance a 
Science wherein the Safety, the Wealth and Glory 
of the Engliſh Nation is ſo much concern'd. The 
Art I undertake to Teach, I am intitahed unto (as 
it were) Hereditario Jure, as being derived to me 
from my Father, who carly inſtructed me herein, f 
and whoſe Abilities to perform it, are too well 
known to be doubted of; and which by many years 
experience in Navigation, I have labour'd to make 
perfet, I do not onely lay down Theorems for 
the inſtitution of young Sea-men , but have en- 
deavourd at once, both to inſtru and demon--._ 
ſtrate; and thereby niade Navigation more eaſe to- 
be learned, becauſe lo caſte to be underſtood. | 
That I have inſcribed your Names to it, is for 
that ' you being the ableſt Maſters in this Art, are 


the 
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the moſt capable Judges ;-' and -if-my Performance 
herein-may have your Approbation, "and your Al- 
lowance, give it an Imprimatur; I ſhall be the leſs 
concern'd for the malignant Cenſures of the En- 
vious or the Ignorant, who either __— others. 
.of the juſt Commendation due to their Induſtry, or 
.elſe condemn what they do not underſtand. 
. TI have in this Treatiſe added ſome things new, 
( beſides the Method I have explained in this part 
of the Mathematicks ) the uſefulneſs whereof, and 
what further Improvements may be made therein, 
you. will-perceive in the peruſal. Tamnow grown 
 grey-in . the - many Experiences have had in this 
Art, and-not ſo-capable for the toils and labours of 
Travel, and Navigation. 


_ 
wo, 
Lo_ 


May I, by your favourable Influence and Re- - 


commendation, be direCed into ſome ſafe and quiet 
Harbour, wherein I may ſpend the reſidue of my 
+ I days in promoting this uſeful Art, to which I have 
devoted a great part of the Studies of my former 
life; it is all that I have to defire in this World-: 
and this Þ the rather do, that I may be jn a capa- 
city to {erve my-Country, and lay hold on ll 
occaſions to demonſtrate how tnuch I am, 


Your moſt bunible and obedient Servant, 
and Tounger Brother, ' 


Mat. Norwood. 
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>> The Preface. 


Ince Cuſtom ſo much prevails with moſt men , it may be 
expetted I ſhould ſay ſomething of this Treatiſe, and of 
my ſelf, why 1 undertook it. To the firſt, I think fit to 
grve my Reader this account : That beſides the defett 
ſufficient demonſtrations in the ſeveral Books already 

extant on this ſubjeft, I found many Materials, neceſſary to a 
. praftical Navigator, wanting ; therefore to Jupply thoſe defefts, 
and make the whole Art more intelligible, I adventured this 
Syſtem abroad. If at its firſt appearing in. the World it re- 
cerve not that efteem which ſome other Writers pretend to ; yet I 
am perſwaded, by experience *twill be found much more uſeful, 
and that its evidence will give. its own commendation. TI have 
here incerted nothing but _ my-own Praflice and long Expes 
rience, and whereon you may with ſafety depend; and in all 
difficulty, I have given the moſt natural Reaſon for demonſtra- 
tion of every Rule ; which is the chief and onely thing that hath 
been ſo md wanting in our late Books of Navigation. My long 
Praftice, and Converſation with Marriners, hath diſpoſed me to 
a Stile and Language more familiar and beſt known to them, 
which may render me the more capable to inſtrutt them. 7 Y 
The reaſon which engaged me z this Work was, for that I ob- 
ſerved ſome Books of this nature had paſſed divers Impreſſions, 
which for the greateſt part were collefted from other mens Works, 
but more eſpecially from my Father's, Mr. Richard Norwood, 
whoſe Skill in Mathematical Learxing is ſo well known, that it © 
needs not my commendation ; yet I think my ſelf by Nature obli- 
ged to reſcue his Reputation from the pn. attempts of 
thoſe that printed hy Triangles and Sea»mans PraQice, ſo de- 
fettive and different from the Original ; where ſome whole Sheets 
are omitted, and others altercd, under pretence of rendring thenr 
better ; which thoſe who well underſtand it, do judge their Books 
to be ten times worſe. There's wo doubt, but Covetouſneſs and Iy- 
norance 
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| ates too aw revailed on the Perſons concgr, d. in thoſe Co- 
pies; which in the enll I bel 1 prave ghyir dſadvantage. 


It's ſometime#t Jatepf ies en, to have their Reputations 
ſallied, after they are Head, by ignorant or inconfiderate men, who 
vainly endeavour to advance themſelves upon their filent Graves. 
How ſtrange and unbecoming was it, jn a man of Art and Leara- 
ing, andhe but a Correftor too of My. Sturmies Rook, to mingle ſo 
much Dirt with bn: Afbes !* "What Conſiderations could more 
ſtrongly incite a generous and learned man, either to have covered 
the Indecencies of that Anthor, or obliged the World with a more 
accurate and compieat Body of Navigation of his own > I am ve- 
ry prove to believe, -thoſe who manage themſelves no better on 
' ſtore, vever chad much experience of their owy Books, Draft, and 
Rukendars at Sea. And there are ſome, who bluſh not to tell us 
in print, of the general Approbation their Books have obtained, 
from men whoſe Knowledge and Experience is not inferiour to 
any Navi in the WHOLE WORLD: a Flouriſh that 
exceeds al, pos  anil too great for my belief, without bets 
| fer evidence than that. Author's bare word. It may be much 
-doabted, how an able Mathematition, not bread a Marriner, ſhould 
be ſo great a Judge of the praftical part of Navigation : Methinks 
the Ingenuity of boneft Mr. Philips ( a Perſon not inferiour to our 
late p ras. is mach more eligible; who in the cloſe of a late E- 
piſtle in bis Advancement to Navigation, doth medeſtly confeſs, 
. That many of his Concluftons are propoſed for Tryal and 
- Approbation : whichWork, though it be new, yet it's his own; 
and may perhaps prove wore uſeful, than ſome others under a 
greater Countenance and Charafter. | 
All T ſhall further adde is, that I have made the Principles 
of this Art more plain than any Syſtem of Navigation Thave yet 
een; by a more elaborate and evident $ We 48 iop, and with 
fuch variety of Examples, as may beſt illuſtrate the truth of every 
Propoſition, to the underſtanding of the Learner ; wherein you will 
find the more abſtruſive and difficult mattc;'s of this Art, are ac- 
commodated to the meaneſft Eaperity : as, the explanations of the 
general Axioms of Spherical Triangles,Gunter's Ruler (or Lines) 
applied 
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applied to Plain and Mercator's Sailing, 8c. And to render this 
Piece more compleat, I have added ſo much of Square and Cube 
Root, and Gunnery, as is neceſſary for an ordinary Navigator, or 
Sea-Gunner, 

I have alſo annexed a new Iuſtrument called Encyclologi. 
um, or the Sliding Circles, which with the greateſt eaſe ;. 
maginable , reſolves all Queſtions in Trigonometry, Square and 
Cube Root, Arithmetick, Gannery, Menſaration, Gauging, Fro- 
portion, &C. 

It's near twenty years fince I writ the Sea-mans Companion, 
while I was young, and capable of ſerving my King and Country in 
no better ſtation ; and had no thoughts of appearing again in print. 
In my tender years T was deſigned to the Vadies of a more quiet 
Employment, but the knowledge I acquired (by my Father's in/tru. 
Aion) in the Mathematicks; and the natural delight I took in Na- 
vigation, engaged me in that way of Livelihood; and before I was 
twenty years old, became Maſter of a very good Ship, wherein 1 
continued until I was commanded to go Maſters Mate of the $2. 
phire, where [ſpent ſome years in the Service againſt the Turks ; 
that War being over, I had the Command of a Merchant-m.an for 
ſome time, until the beginning of the firſt Dutch War; when 7 ac- 
_ a Commiſſion from his preſent Majeſty, for a Lietenants 
place in the York Frigot, under the Command of Capt. Swanly ; 
and from thence I was removed to the Command of a Prize of forty 
four Guns. In the Command of this Man of War, I coatinued for 
ſome time; and afterwards ſerved his Majeſly in the York : but 
being much importun'd by ſome Gentlemen, Merchants of Lor- 
don, I was pecſwaded by them to undertake dificult and hazar- 
dous Voyages : wherein, as it pleaſed God to bleſs me with great 
ſucceſs, to the more than ordinary advantage of my Employers, 
( having oo gator two Voyages, both in cight moaths, and there- 

in returned with twenty four Whales, which ſold fer 58021. ) 
ſo alſo in theſe Vndertakings , I have had the Oportunities of © 
making very uſeful Obſervations, to my great advantage, and ex- 


perience in the prattical part of Navigation. 
ſ a ] | This 
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.” This was an Adventure to the Welt Ice for Fiſh, wherein I 
faw no Land until my return. And in this dangerous Service, 7 
was the firſt Engliſh-man, that ever made the Attempt. 
I thought it not amiſs to give this account of my ſelf : And | 
therefore if any follow the Garb of the imvidious Critick, to cen- 
ſure this Digreſton, and call it by an ugly hard name, ( if that be 
all) Fl forgive them, knowing 1 am not oe many : forT 
doubt not, but herein will be found ſome ſmall Omiſſions, that may 
5 not ny ey to this Subjet : and for ſuch I ſhall beg no 
2 Excuſe ; but for what's well or ill done herein, I willingly ſubunit 
Ka it to any {ro and competent Fudge , wiſhing a Bleſſing upon all 
8 . exr boneſt Undertakings, is the unfeigned defire of | 


Your faithful Friend, 


M. N. 
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CHAP. XVII. 
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ID - CHAP.-XVIIL 
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116 to 119 
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| | | W. a 
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| | 135 
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CHAP. XXV, XXVI, & XXVII. 
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A Table of Meridional Parts zo work by Mercator's ProjeRion. 
214 to 225 
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: The INDEX. | 
I. In this 28th Chapter, are contained ( beſides the Table _) the Uſe there- 


in 7 Caſes of Sailing by Mercator's Chart. 225 to236_ 
oro renin the Variation of the Compals. . 236 F 
HIT. A Catalogue of the Longitude and Latitude of the principal Places in 
the World, from the Lizard in England. —. 237 to 246 
CHAP. XXIX. | 
The Dodtrine of -Spherical Triangtes, both Right and Oblique angled 
in all the Caſes. 245 to 263 
- CHAP. XXX, 
Right angled Spherical Triangles, applied in the reſolution of ſome Que- 
ſtions in Alixonomy. 263 to 276 
CHAP. XXXI, 
The Dotirine of Oblique Spherical Triangles. 276 to 302 
| CHAP. XXXI. 
Of Quadrantal Triangles. 302 to 304 


Oblique Spherical Triangles , applied #0 the Solution of Aſtronomical 
Problems. | 


304 to 320 

CHAP. XXXIV. 
Of Sailing by.the Arch of @ Great Circle. 320 to 358 
A Diſcourſe concerning Longitude. 358 to 367 


The Azimuth-Compaſs deſcribed, and the Uſe thereof. 367 to 368 


Of GUNNER Y, ſo muchof that Art @ is abſolutely neceſflary for 8 
Seaman to know, . And how to Make Stink-Balls, Granada-{hells, and 
Powder-pots, &c. | 368 to the end. 


Ten Chiliads, or the Logarithms of all Abſolute. Numbers, from an Unite 
to Ten Thouſartd : And a Table of Artificial Sines aud Tangents, to 
. every Degree and Minute of the Quadrant 3 with the Complements A- 
rithmetical of Sines, ſupplying the Uſe of Secants. 


In any Parallel of Latitude, to know how many Leagues will anſwer to one 
Degree of Longitude in that Parallel > is after the Tables of Loga- 


rit £s 


. | The 


The Author's Habitation being ahove an hundred miles from London, theſe 


We Faults bave eſcaped the Preſs ; which are placed bere in this m:thod, that 
. ( they may be ( with more eaſe) correfled with your Pen. — 


Pag.Lin. For. Read. Pag.Lin, For. | Read. 
$10 P P(with the length j195 16 to, t, D to tang. D 30 
-» of the given Line [15s 23 D G 
1014ES EL 156 13 BD CD 
1016BI AI 197 2 $59 359 
18 24 which with 201 2 72 + 372 
20276 L 20816 99 '* godeg. 
2029BE DE - [210 17 63 244 
21 9E KN 21316 ADB ARB 
21216 Z 62 213 20 theſe Oblique ' 
21 235R 8R 225 24 for it falls for if it falls 
21 3365S 68 231 1 Minutes minutes 00 
3017C A 235 28 ioth day 15th .day 
z021A D BD: 235 1 lothday 16th da 
36 25 58 ' 48 9 $5(4)98411971 tang.($)8243526 
. 36 27 North leagues Sputh degrees 9 6 10.1588128 (10) 1751073 
4x 341 wonder at it I wonder notat it [237 16 7-18 5 deg. 17 
94 27 100 108 237 19 I dig. oof 1 deg. go 
94 28 37 92.7 238 2 23 . 29 
94 28 Weſt NW Nop. Nor. Weſt *[238 5 28 38 
97 2 Viriznia Virginia 239 23 00:53 26: 53 
99 4 colume Line 23931 92:20 89:19 
10129CB CD 240 8 124: 43 134:43 
101 31 bares ſome Goeth 247 I begin be given 
the Iſland 26516 5. BR s:B 
” 104 10 Site-Vane Shade-Vane © [273 25 Otb Ont 6. 
104 Þ Scale Staff” 274 $5R=6. R =b 
105 26 compt Complement 278 16 Angle - Triangle - 
110 13Sun EquinoRial 282 21 659:00 61:59 
110 16 muſt be near- by the declination, [283 16 ar Operations at 3 Operations - 
er tothe Ze- and the declinati-[302 5 _ leave out going 
nith, which on muſt be ſub-[310 16 which isin within 
is equal to ſtrated 319 15 (ſtated) gs, 
*the Latitude 320 25 lerve © are 
112 6 the Line the Arch-line 347 16 grea Great 
125 11-26. 45 27- 45 35712 B AB 
145 2 fifth Fiſh 358 laſt Firſt of April Tenth of April 
I54 27 1200 reſolvand 379165 As the Root As the Cube Root 
162130 6G OL 379 18 So1s the Root So 1s the Cube 
167 gA _ _ he Root 
175 16 including . included 380 7 diviſion oun. diviſion 1s ounces . 
182 429 go deg. 380 25 Caſe ſtion 
i9013CB CB117 384 10 Sulphur Suiphur or 
19823 then the ICT) Ih: p25 
toB 


194 in the Triangle draw a line from 


In page 37o, the three laſt lines are thus to be read : 
This AI 31 eg. 45' being ſubſtrated from A G 59 deg. 1o' ( the Suns diſtance 
from the Nprth Pole) there remains 67 deg. 24' for I G. 
Hypotbinuſe, and ſome literal Miſtakes, and Miſ-pointings, niuſt be excuſed, 


Advertiſement. 


Heſe and all other Mathematical Inſtruments for Sea or 
' Land, with Maps, Globes, Sea-Plats, Carpenters Rules, 
Compaſſes of all ſorts, Poſt- and Pocket Sun-Dyals for any La- 
 titude ;. are-moſt exatily made, and ſold by Mr.Walter Hayes 
at the Croſs-Daggers in Moor-fields, next door to the Popes 
Head Tavern, in London. | 
Mathematical and Sea-Inſtruments are alſo made by Mr. An- 
.felm Jenner i Briſtol. ” 


GEOMETRY. 


— 


ht — 


: CHAP. E. 
Geometrical Principles. 


PROBL. TI. 


How to raiſe a Perpendicular frow the middle of a Line given. 


Fig. T. $7 wgyonny! is a Line drawn ſo direQly from another 
Gee acitariiuns or fncincomnawey or other, 
ds ay Ange «tone Goes 
two ( asatO) = 

equal to EOA. It is raiſed thus ; one foot of your 
NS ES Band with the thmgntendel 03 
above half the length of the ſame Line, deſcribe an Arch over the middle 
of it, as C C, then that diftance tothe other end of the given Line, - 
and croſs that with DD.imerſ in Ez from the of their 
interſeQion or cutting one another, draw the Line OE to the middle of 

the given Line, and it will be a true Perpendicular. 


d PAOBL. IL. —. 
To divide a Line into two equal parts by a Perpendicular. 


Et the given Line be AB, and 1 it be required to divide ic 
Fig. Lf. into ro equal pars parts by a Perpendicular Open the Com- 
palſesto any convenient iſtance, above - the length A the given _ 


0f GEOMETRY.” 
E, and D, and with that diſtance, fixing the C 

A deſcribe the Arches D and E above and 
then carry the ſame di to the other end of the givey 


the middlc in S; and is a Perpendicular. 


EEE PROBE. IH. 
To raiſe a Perpendicular fram the. end of a- Line gven. 


pendicular from the end of that Line ( kt itbe from B. ) 
Open your Compaſſes to any convenient diſtance, and fixing one foot in 
B. Jeferibe: the Arch LC That dvbne; from L ſet the the ſemi-dia- 
meter of that Arch to C, and from thence deſcribe the Arch V V ( above } 
then ſet your diſtancAfrom C to S, and.croſs. that Arch with the Arch 


the given Line at B, and it is. a Perpendicular. 


'PRoBL: IV: 
To perfarm the ſame another way. 


. the edge. of a Board or.other thing, that there may not be 
xoom to raile.it the way before-mentioned, . aud therefore *tis requilite to 
know ſome other way, Let AB be .the given-Line, from the end 'of 
, which I wauld raiſe a Perpendicular: Open your Compaſſes to any con» 
venient diftance, and from the end of the Line,.as at B: deſcribe the Arch 
CD) then from C ſet your Compaſſes ( with that diſtance ) to D, and 
deſcribe.the Arch.EF G 3 . and ſer the ſame diſtance from C three times 
upon that Arch, at'E FG, and from G draw the Line GB, and it is.2 
Perpendicular. from the end of the given Live. | 


PROBL. V. wot 
To let fall a Perpendicular froma Point above, to a Line given. 
Big. V,. A Pmitl would Tet fall a Perpendicular from the Point O,'to 
| , the Line AB ; from the alligned Point O, draw a Line at 


theif interſeQion:O and O, draw the Line O Oand it will cut the Line in.. 


Fig. IIE { Line rms AB: Now it is required to raiſe a Pgg-- 


R R ; and from their interſeQion at O, draw the Line OB to the end of : 


Fig Iv.f” often falls out, that a Perpendicular is.to be raiſed ſo near - 


pleaſure - 


TT 


ws to the given Line, ſo-as it may be acute or inclining, not 'neax. a 
p: ,as the Line OA is3 that Line divide into two equal parts, 
as at R, and upon R (as a Center ) deſcribe the Arch ON, and where 
it.cuts the given Line ( which is at N, ) let fall the Line ON, and it.is 
a Perpendicular to the given Line, which was required. 


PROBL, VI, 
To draw a Line parallel to a Line given. 


| Fig. VL. Etthe Line-given be A+B, parallel to which I would draw 
another Line :- (Note, A'Line parallel to another Line, isa 

Line-that runs ſo dire&ly as another Line doth) that if they were both 
continued out infinitely, thty-would never meet, or come nearer, butcon- 
tinue at the ſame diſtance from one another :) therefore open your Com- 
paſſes to the diſtance you are minded to ſet them aſunder, andgo towards 
one end of the given Line, as at O, and deſcribe an Arch CC 3. carry the 
ſame towards the other end, as at O, and deſcribe an Arch, as DD; and 
by the tops of thoſe Arches draw a Line, and it will be parallel to the 


given Line. | 
PAROBL. VII. 
) TodrawaLine parallel to a Line given,from any Point affigned,over 
the given Line. 


50, TT fe Line given is A,'the Point aſſigned is © : Take the 
Fig VI T neareſt Tiſance from © to the _—_ Line, ſweeping it, 
and.carry it towards the other end of the given Line, and deſcribe an 
Arch CC, then draw a Line by the top of that Arch, from the Point af- 
ſigned, and it (hall be a parallel Line to the given Line A, as was deſired, 


PROBL., VIII. 


. To draw a Line parallel to a Line given, from any Point affigned not 
- over the Line. | 4 


"Ie i i » 
Fio. VIIET ;Et the Line-given be AB, the Point: affigned ©, 4nd- 
' I: would-draw a Line from-thence, parallal to the givi 
Line A B. Take the diſtance from the end of the given Line at A, to the 
aſſigned Point ©, and carry it to = other end of the given Line, at B, 
: 2 and 


Of GEOMETRY. 
and deſevibe an Arch CC then takethe length of the given Line ABand 
ſet one foot of your Compaſſes in ©, and with the croſs that Arch - 
CC, and by the of their inteeſeRion at S, draw « Line from the 
given Point,as OS, and that Line ſhall be parallel to the given Line AB. 


PROBL. 1X. 


To make an Angle equal to an Angle given.” 
le is made by the interfeion of two Lines cro{- 


Om rt wipay Sow} peer) IT | 


ke the diſtance between Band C, ſet he ſame upon the other Arch 


from E to F, and draw theLine D F : So ſhall the Avgle at D be equal to 


the Avgle. at A, which was required. 


PROBL. X. 


Zhree-Right Lines mp. 2, ws ( of which:the two ſhyrter together. 
t 


walt be lowger than wore make a Triangle whoſe ſides 


fall be equal to thoſe three given Right Lines. 


ane Ein your Compaſſes, 
Tcribe the Arch SS, crofling. the former . Arch in K.. Lafily, Draw the 


axe equal to the tiuee given Lines, as was required. 
PROBL; 


—_— 


his GKand FK, od they ſhall conſtitute the, Triangle G KF; whoſe. 


"8 


of GEOMETRY, 5 


Pro ÞL XI. 


Elny to make a Geometrical Square, whoſe four frees ſhall be equal. 


to a gives Right Line, 


A- Geometrical Square is a Figure whoſe four fides are all equal, and whoſe 


Fig. XL | By, be S; take the lerigth thereof, and- 


make the Line TV equal to it : then.on the end T 
(by the third or fourth Problem before ) cre the Perpendicular T X e- 
gual alſo to the. given Line $3. then ſet one. foot of your Compaſſes in X, 
aud with the other deſcribe the Arch PP; alſo ſet one foot in V.and with 
the other deſcribe the Arch R R, croſſing the former Arch in K. Laſily, 
draw the Lines VK and X K, and- you (hall have' conſtituted a Ges- 


metrice! Square. whole fides ſhall be equal to the given Line. & . as was re- 


quired, 
PAOBL, XII. 


To find the Center of a Triingle, or of any three Pricks given, pro- 


vided.they be not in-a ftreight Line. 


Fig. XIL. Ny.three Points which lie not in a ſtreight Line, they will : 


be chree Angles of a Triangle 3 fo here, let the three 


Points given be ABC. Forthe doing this, divide any two of the ſides - 


of the Triangle into two equal parts, by two Perpendiculars, as you arc 
taught in the ſecond Problem before-going 3 and where them perpendicu- 


lar Lines interſe& one another, there is the Center of the Triangle, as : 
here. the Perpendicular. Line dividing CB is D D, and that dividing . 


the fide ACisEE: Now theſe interſe& each other in ©, which 
is the Center required. The like is to be underſiood in finding the 


Center of a Circle: the three corners of the Triangle may be three pricks | 


in the Circle, and then proceed as here you have done. . But by this you 
ray ſee, that a Line that gocth from one ſide of a Circle to the other 


( drawn at pleaſure ) if that Line be divided into two equal parts by a. 


Perpendicular, the perpendicular Line will go through the Center, and 
therefore 'tis but continuing it out from one ſide of the Circle to the other, 


and the half of that Line which is ſo contained, is the (emi-diamecter of : 


PROEL.. 


the Circle, as half LL is from O the Center. . 
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PaxoBf. XII. 


Two-Phints within a Circle being given, how to find the Center. of 
the Arch of a Great Circle, which ſhall paſs.through thoſe-two 
._ given Points. , 


Sw T3 


- Kahg I the $ | bs ſuch's Girele as divideth 
Fig-XIIL. A Gr Char open the Hs b fk Cle wo Src 


Great Cine Gefgibed? upon a Plain, is ſuch an Arch as divideth the cir- 
. cumference of the primitive Circle given, into two equal parts. 

To this. Let GBHD be the Phimivive Circle, whoſe center is 
-C, and let the two given Points within the fame; be'Xand Y. -Firſt, 
«through one of 'the given Points ( asX) #hd the center of the Circle C, 
Araw theLine X C, extending it-towards/F : -Upon this Line from the 
eenter C, eredt the CB, and draw the'Line BX, cutting 
thegiven Circle in G, through which Point-G and the center, draw the 
Line GC H: Then, the Points B-and H draw a Line,cxtending it 
fill it cut the Line XF in R; ſo you have found a third Point,namely R, 
.through which the Arch of the Great Circlemanft paſs : And now, having 
three Points, X, Y and R, you may them ( by the laſt Problem ) 
draw the Arch of a Circle, namely the AX YLR, whoſecenter will 
be at K, and whoſe Arch will divide the Primitive Circle given, .into:two 
equal parts, in the Points A and L. 


| Theſe two laſt Problems are of | ſingular uſe in Proj - Ries ed 
Plain by Circular Lines, and in meaſuring of the + ngles of 
Spherical Triangles upon that Projelion: Of which in bis Treatiſe we 
AR innate fa R__ As alſo in Great Clocks Sailing, ang 
Froblems in Geography | 


The End of the Geometrical Problems. 


Of the Mariners Sea-Compaſs, 7 


uh 


| CHAP. IT. 
' Of the Projection of the Mariners Sea-Compaf. 


Fig. vy F He Compaſs conſilts of thirty two Points, and- ſo is no- 


thing elſe but a - Circle divided into thirty two cqual- 

parts, Now for the doing of it, upon one-center de- 

ſcribe three Cirtles as you ſce in the-Figure following 3 that done, draw a-: 
Line through the center, and it divides them all into two cqual parts or * 
Hemeſpheresz then divide that into two equal pasts by a Perpendicular, 


(.from the outer Circle ) and fo the Circles axe all divided into four cqual 


parts, by the Lines W E and SN, which Lines ſhall repreſent the Points - 


of North, South, Eaſt; and-Weſt ; this done, divide theſe four, - each into- 


two parts, and draw (from the center) thoſe divifions from the outer 


Circle to the inner Circle of -all, then.is:the whole -Circles divided into 
cight parts. - 9 | 

Then divide thoſe-into two equil parts, and draw -the Points from the 
outer Circle to the innermoſt <( as you did the laſt ) and make the Points, 
obſerving to make.the North Point a whole point, and fo ſucceſſively ; 


The reſt of the Points will be ( every other ) a- whole pointz and your - 


Compaſs now is in ſixteen Points. : 

Laſtly, divide theſe into two equal parts, and draw them from the out- 
ward Circle to the-innermolt of the greateſt Gircles z and thus you have. 
your Congpaſs. divided into thirty two Points : if-you will divide the parts 
again, it makes the half points, and-is drawn-o the third Circle; that di- 


vided, makes the quarters, draw them to theſecond Circle, and your Com-- 


paſs is hnilhed, as is ſignified in Fig, I. following, . 


"———— 


CHAP. II. | 

The Projeion of the Mariners Plain Scale... 

Fig. IL T} His Scale is made thus: Deſcribe a Semicizcls upon the 
| Line AB, and divide it-into- two cqual paxts by the Line 


2 


*F Þs 


- * R. 


to 90 z then take off every fifth 
them fifths, as you ſee in the Scale, fo that every of  —— 
contain ten of them : fo likewiſe take off the points of the Compaſs 

. divide them Into halves an qu Now this is called the Line of 
Chords, becauſe *ris taken like the firing of a Bow or Arch, as BD is the | 


$0 deg} and ſois taken off ſweeping that 
Une Mer thu BO ES, nkier v6 and fo to go deg, 
Scate, as far as you can into ter 
| Bit te a Line of Sines. 
k ere ſhould be a Scale of equal parts, but that's what you will: com- 
E..; _ monly & of them are cqua) to 60 degrees of the Line of Chords, and 
; . ſogo forwards with them the whole length of the Scale, onely the firſt e 
q pe you mat divide into ten parts, that ſo-when the greater 
. partsHe counted ten, the ſmall ones will be ( each) one 3, or if the great 
ones be one hundred (cach} the ſmall ones will be (cach) ten 3 or if the 
reat ones be one, the little ones will be ( cach ) one tenth of a Unite : 
You may fgare the great diviſions 10, 20, and fo along as far as they 
S T Fie failirg by Mercator*s (or the trac Sea) Chart, it were neceſſary that 
=. you have a Scale which will ſhew you how many Miles will inake a 
of Longitude in any Latitude ; and there is a Line called a Line of Longi- 
tudes, which is commonly put upon Mzriners Plain Scales ; The-manner 
| how to projet the ſame Line from this Scheme Fig, IT. is thus : 

Divide the ſemi-djameter of the Circle GC O into fix equal parts in the 
| * _ points GHFKand b, end voogh thoſe-points draw Lines, all parallel 
A to the Diameter OB;- as G M; HN, 10, KR; LP; this done, take with 

| | your 
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Of the Mariners Plain Scale. | i 


your Compaſſes the diſtances from C, to the reſpective points M, N, ©, 
R, P, and ſet thoſe diſtances upon the Line of Longitude on your Scale 
fromQ to 10, 20, 30, 40, and 50, dividing that Line into fix un- 
equal parts, which mult be ( cach of them ) ſub-divided into ten 0+ 
ther unequal parts, by dividing the ſpaces between O and G, G and 
H, &c. cach into tcn cqual parts, and drawing Parallels through them, 
and transfering them from the limb of the Quadrant CR B. as you 
did the others, This Scale is of good uſe in keeping of a Reckonmg, 
according to Mercator*s Sailing, in which tHe uſe of it ſhall be taught. 

And to make this Mariners Plain Scale the more compleat ( al- 
though Mr. Collins ſeems to have new plained this Plain Scale long 
ſince, in his Book fo called ) I would have addcd unto it the Secants 
and Tangents continued as far as the Ruler will permit : alſo two Lines 
of equal parts, of the ſame Radins with the Scales of Chords, Sines, and 
Tangents. All which additional Scales being of ſingular uſe in Navi- 
gation, in maklng of Sea-Charts both plain, and according to Mercator 3 
as alſo in projeting of the Sphere, Great Circle Sailing, and reſulving of 
Geographical and Aſtronomical Problems, uſcful in Navigationz* Examples 
of all which, ſhall be given in the following Treatiſe, I have there- 
fore in Fig, III. diſpoſed the Lines upon the Ruler according to the 
beſt artifice that at preſent I could think upon. 


on. 


—— _ 


CHAP. IV. 


To Projeft the Sphere for 51 deg. 3o min. of North 
Latitude, the Sun having North Declination 18 


deg. oo min. 
Y taken from a Circle, and reduced to fireight Lines, as was 
taught in the third Chapter : therefore it may be taken from 
a ſireight Line, and (et upon a Circle of the ſame ſemi-diameter. 
Now the ſemi-diameter of the Circle that makes any Scale, is jult 
60 deg. of the ſame Circle 3 fo that you can never be at a loſs, for 
the Circle that made the Scale, any thing taken from the Scale, may 
be applicd to the Circle, or the contrary, 


Ou are to take notice, that the Lines upon a Plain Scale are 


C Now 


20 Of Projefling the Sphere in Plain. 
Now to Proje& this Sphere, take 60 deg. from the Line 
Fig. I. of Chords, and upon the point O, as a Center, deſcribe the 
Circk AEGK, which Circle repreſents the Meridian of 
the place, or that Circle that riſcth from the North point of the Ho- 
rizon at E, and goeth through the Zenith at G, to the South point of 
the ſame Horizon at E. Divide this Circle into four equal by 
the Lines AE, and G K, then AE repreſent the Horizon ; E the North 
t thereof, A the South point, G the Zenith right over us, O the 
and W2ft points of the Horizon, K the Nadir right under us 3 the 
Line G K isa great Circle that cuts the Hbrizon in the points of Eaſt 
and Weſt, and is called the Eaft and Weſt Azimuth, becauſe it comes 
the Zenith and Nadir : S L repreſents the Axis of the World, 


or the Axir that the World turns upon L the North Pole, S the South 


Pole z E S'is the height of the North Pole above the Horizon, called 
the Poles Elevation; S A the depreſſion of the South Pole under the 
Horizon 3. E is the Eguinotial,and is always below the Zenitb;as much 
as the Latitude is, and fois called the Letitzde, for when you are un- 
der it, you are in-no Eatitude ; F D is the Tropick of Cancer; BR is 
called the Tropick of Capricorn :- Theſe Lines are each 23 deg. 30 min. 
diſtant from the EquinoJial z one to the Northwards, the to the 
Soxthwards of it, and repreſent the outmoſt bounds of the Suns Decli- 
nation Northerly or Southerly, the Suns motion being always between 
them, carried about in the Ecliptick:-line R D : the Artick Circle is L L, 
and is 23 deg. 30 min. from the North Pole ; N.N.is the Antartick Cir» 
cle, as far from the Soxth Pole, and the ſpaces between them and the 
Poles, are called the Frozen Zones 3 and the ſpaces between them and 
the Tropicky, are called the-Temperate Zonesz and the ſpaces between the 
Tropicky,axe the Torrid or Bareing Zones. This may ſuffice for a deſcri- 
ption of the Imaginary Circles in the Sphere : all Lines that go through 
the Center, repreſent Great Circles, ſuch as divides the Sphere into two 

Hemiſpheres, Theſe things premiſed, we now come to the re- 
folving of ſeme Aſtronomical Problems by the Projetiion. 


CHAP. 


CHAP. V. 

Anno 1687. Latitude Northerly 50 deg. Declinati- 
on Northerly 1 7 deg. 4:7 min. being the 23th of Ju- 
ly, I demand as followeth. 


deg. min. 
I. He Meridian- Altitude of the Sun $7 47 
2, The Suns heighth at 6 of the Clock 3-22 
3. The Suns Azimmth at 6 of the Clock 14 13 
4. The Suns heighth being due Eaſt or Weſt 28 22 
5+ The Suns Amplitnde of Rifing and Setting Northerly 28 24 
'$; The Suns place in the Ecliptick.is 10 deg, of Leo 49 59 
7. The Suns Right Aſcenſion 46 29 
| | ho, min. ſec. 
8. The difference of Aſcenſion or 29 52 
9. The time of the Suns Riſing 04 30 os 
10. The time of the Suns Setting 07 29 52 
11,.. The length of the Day 14: 39 44 
12; The length of the Nigbe O09 00 16 
7 13. The time of Day breaking O02 42 ©0 
I4. The time of Twi-light ending og 18 oo 
15. The continuance of Twi-light | on 48 oo 
16, The time of the Suns being due Eft O7 29 52 
17. The time of his being due Weſt 04 30 Os 
18, The length of the Longeſt Day and Night in that Lat. 16 10 ©oo 
19. The length ofthe Shorteſt Day and Night in that Lat. 07 50 oo 
4 L 
; PRoO8B, I. 
? To find the Meridiatt Altitude of the Sun. 
F jo. Tf.” He Meridian-Altirede of the Sun, is his heighth that day. 
; Fig I I when he is-upon the Meridian, or'over the South Ber 
of the Compaſs, which is repreſented -by A D. Fix your Compaſs-in 


C 2 A, 
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A, and extend the other point to D, ( the place where the Suns paral- 
Il of Declination cuts the Meridian; ) and that diſtance apply to your 
Scale of Chords, and what number of degrees it falls upon the Scale, 
ſo high above the South point of the Horizon is the Sun that day at 


noon: "Tis here 57 deg. 47 min. 


PROP. IL 
To find the Suns Heighth at 6 of the Clock. 


there is the Sun at 6 of the Clock 3 therefore QT is the di- 
ſtance that the Sun is from the Horizon at that time: Take it off from 
Q, ſweeping the Horizon AH at T.,and ſet it upon your Line of Sine, 
and ſo many degrees as it is there, ſo much is the Suns heighth at 6 
of the Clock 4 I find it here to be 13 deg. 32 min. The reaton that I 
did not apply it to the Live of Chords, is, becauſe 'tis a diſtance taken 
from a fireight Line, and ſo a Sine, as you may ſee by the ProjeRion 
of the Plain Scale. 


WW Here the Suns apes of Declination cuts the Axis of the World, 
u 


PRroO8B.TIIT, 
Ta find the Suns Azimuth at 6 of the Clock. . 
He Suns Azimuth at 6 of the Clock, is his neareſt diſtance from 


the Eaſt and Weſt Azimuth, and is taken from Q to W, ſweep- 
ing that Line: apply it to your Line of Sizes, and fo many degrees 


and minutes as it is,ſo much is the Sun from the Egft point of the Conn 


paſt at 6 of the Clock. It is here 14 deg. 13 min. 


PAoOB. IV. 
To find the Suns Amplitude of Riſing and Setting, 


Dh Amplitude of riſing and ſetting, is the number of degrees 
and minutes that the Sun riſeth from the Ezft, or ſets from the 
Weſt point of the Horizon, and is of great uſe at Sca, to find the Varia- 
tiqn of the Compaſi ( for *tis the true Amplitude, ) Now to know it, 
fix one foot of your Compaſſes in the Hoxizon, at the place where the 
Sun riſeth ( which is at Þ) and extend the other point to the Eaſt 
point of the Horizon, ( which is at the center of the Sphere, at the 

polnt 


VOY Sun Ia 1. 
. 


performed by the Plain Scale. T3 


point Y and =) and apply it to your Lines of Siner, and it gives 
your deſire, It is here in this caſe 28 deg. 24 min. and it is ſo much 
to the Northwards of the Eaſt, becauſe the Sun hath North Declina- 


tion. 


PROB, V. 
To find the Suns Heighth, being due Eaſt or Welt. 


TY San is over the Eaſt point of the Compaſs, when his parallel of 
Declination cuts the Eaſt and Weſt Azimmrth ( as you may (ce in 


the Scheme) at G. Fix your Compaſſes at G, and open them to the 
center of the Sphere, and that diſtance apply to your Line of Sines, and 
it gives your deſire. *Tis here 28 deg. 22 min. | 


PROB, VL. 
To find the Suns place is the Ecliptick. 


'F% Suns place in the Ediptich,, is bis neareſt diſtance from the place 
| & © in the 


liptick,, that his parallel of Declination cuts it, to the 
next or neareſt EquinoGial point, which is $ ' : Take that diſtance 
off, and apply it to your Line of Sines, and it gives your deſire. It is 
here 46 deg. 29 min. from the next or nearelt EquinoGial point.. 

But if you have a mind to meaſure theſe ſireight Lines by your Line 
of Chords, } ox may xeduce your diſtances fo taken,into a Chord, thus : 
Take your diſtance, and from a place on the circumfexence of the Sphere, 
ſweep. ſome Lines that goeth through the Center, as here from X the. 
Line X R ſweeps the Horizon, and is a Perpendicular let fall to R up- 
on it: Now X R is the Sine of the Arch, of which X A is the Chord 
of the ſame ſo that if you take X A off, and apply it to your Line of 
Chords, it gives the ſame _ And thus you may reduce a Sine into 
a Chord, or the Contrary z but for the Suns place, Lrefer you to Fig. IV. 
and for his Right Aſcenſion alſo. 


PROB, 
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Pros. VII 
To find the difference of Aſcenſion. 


Note, That 15 degrees is one hour in tizve, 15 minutes of a degree is one 
minate of time 3 ſo that one degree is 4 minutes of time. 


== difference of Aſcenſion is the time between the Suns riſing and 
-6 of the Clock, or how long the Sun riſeth before or after 6 of 
.theClock z in this caſe he riſeth before 6, for he riſcth atP, and it is 
- not 6 of the Clock till he comes to Q3 ſo that the difference of Aſcen- 
fron is PQ, and is taken from a Line that is ſhorter than a Line that 
goeth through the Center, or ( more properly ) from a Circle that is 
leſſer than a great'Circle of the Sphere. Now in this caſe, your diſtance 
taken off mult be extended to that Circle that your Scale was made by, 
which is the Meridian of the Sphere, and you may do it thus ; Take 
half the length of the Line that your diftance is to be taken off from, 
as here *tis the parallel of the Suns Declination, ( which is Q D) and 
: fixing your Compaſſes in the Center of the Sphere, with that diſtance 
deſcribe an Arch ( from ſome Line that goeth- tbrough the Center ) 
- as the Arch 2 2 then take off the difference of Aſcenſion PQ, and 
- apply it as a Sine to that Arch, from ſome place in it, that it may juſt 
{weep the Live that goeth throngh the Center, as here it will from 3'3 
then lay. your Scale by the- Center of the Sphere, and draw the ſhort 
Line 3'4. Now *tis apparent that the Arch 3 2 on'the little Arch, is 
the ſame that the 'Arch-4 A is upon the great Arch: therefore 4 A 
: taken off.and applied to-your Line of Chords, is the difference of Aſcen- 
- fion in degrees and minutes, and I find it here to be 22 deg. 30 min. 
which converted into time, is '1 bo. 30 min. the difference of Aſcenſion in 
time 3 ſo. much (in this caſe ) the Sun riſcth before 6 of the Clock, 
-The way:to-convert your degrees into time, is to multiply them by 4, 
.and that brings them into minutes of time-3 and if the number of mi- 
nutes of time exceed 60, divide your minutes by 60, and the Quotierit 
will be hours, the remainder of the diviſion will be minutes 3 if there be 


above.15 min. of a degree(belides the even degrees )adde it to your time 
for.1 min. if 30, for 2 min. of time,e*c. 
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Þ i 
A . PROB. VIILIX. | 
To find the time of the Suns Riftmg, and the length of the day. 


Tins found the difference of Afeenſion.as before, look in theScheme, 
and conſider whether it be before or after 6 of the Clock that the 
Sun riſeth at that time 3 I ſee in this Example it is before 6, fo that 
then I conclude the Forenoon is longex than 6 hours, by all this diffe- 
rence of Aſcenſion : therefore adde it to 6 hours, and it gives the length 
of the Forenoonz and that.doubled,. is the length of the day, 14 bo. 
59 min. 44 ſec. I aid before, that the Forenoon is longer-than 6 hours, 
by the difference of Aſcenſion,. why then ſubſtra@ the difference of Aſcen- 
fion from 6 hours, ard it gives. the time of the Suns rifing, which in 
this Example is at 4 ho. 30 min. 8 ſec. 

Likewiſe, if you adde the ſame difference of Aſcenſion to 6 hours, it 
gives the time F the Suns ſetting ( which in this Example is at -7 ho. 
29 min. 52ſec. ) + 

If _ rn find the length of the night, ſubſtra@ the length of the 
day from 24 hours, and it leaves the length of the night 3 which ia - 
this Examplciis 9 ho, 00 min. 16 ſec. 


PAOB. X 
To find the time of the Suns being due Eaſt or Weſt. 


Wy r the Suns parallel of Declination cuts the Eaſt and Weſt 4- 
zimuth, there the Sun is when he is over the Eaſt point of the 
Compaſs: Then from 6 of the Clock to that place which is ſo cut by 
the Suns parallel of Declination ( which is Q G )) take off and extend 
it to the Chord of your Circle the Scale was made by ( as you did the 
difference of Aſcenſion.) and the number of degrees and minutes con- 
vert into time, and adde it to 6 hours, and it makes the time of the 
Suns being due Eaſt that day. I —_— ſee the reaſon why it muſt 
be added : it's becauſe *tis after 6 (before its over that point) I find it 
to be in the Example 22 deg. 3o min. after 6 of the Clock, that is, at 
7 a Clock 30min. Now for the time of the Suns being over the Weſt 
point of the Compaſs, that muſt be as much before 6 hours in the after- 
noon, and therefore ſubſtra it from 6 hours, and you haye your deſire. 
"Tis here 4 ho. 30 min. | 


PROB. 
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PRoB. XI. 


To find the length of the longeſt Day in that Latitude, or ſhorteſt 
Day or longeſt Night, or ſhorteſt Night. 


N any North Latitude, the Suns parallel of Declination muſt be the 
] Tropick, of Cancer, to make the longeſt day. Now the difference of 
Aſecenfion*hat day is @ 63 take it and ſet it off after the manner 1 did 
before, uſing the Tropickas I did the parallel of the Suns Declination, 
and' extend it to the Circle of the Scale, and ſo many degrees and mi- 
nates is the difference of Aſcenſion that day 3, it is 30 deg. 20 min, which 
converted into time, is 2 ho. 50 min. and that added to 6 hours, gives 
the length of the forenoon 3 which doubled, is the length of the lon- 
gelt day in that Latitude; equal to which, is the longelt night: again, 
that ſubſtraed from 24 hours, leaves the length of che ſhorteſt night, 
which 'is equal to the ſhortelf day. 


PROB. XILT. 


To find the time of Day-breaking, and the time of Twi-light 
ending. | 


T is the Opinion of all Aftronomers, that the day breaks when the 
Sun is 18 degrees under the Horizon : therefore take 18 degrees 
frem the Line of Chords, and under the Horizon ſet it off, and draw a 
Line parallel to the Horizon ( as the Line 8 83 ) next, ſee where the 
pazallel of, the Suns Declination cuts the parallcl of 18 degrees, and 
meaſure from-thence to 6 of the Clock, and convert the degxees and 
minures into time, and ſubſtra& it: from 6 ot the Clock, and it gives 
you the time of day-breaking. It's here 2 ho. 42 min. : 
If you would find-the time of Twi-light ending, adde the ſame to 
6 hours, and it gives the time of Twi-light ending 3 which is 9 ho. 
18 min. in the evening. 


PAOB. XIIL. 
| To find the continuance of Twi-light. 


Ake 18 deg, Q_( the time between the Suns giving light and 6 
LE ;a'Glock ) and convert it into time 3 and from that, if you ſub- 


2 8 I I S 
performed by the' Plain Seale. 17 
q ſira&t P Q the difference of Aſcenſion, the remainder is P 18, the conti- 
f % nuance of I wi-light z which is in this. Example 1 ho. 48 min. 
= 


| PRoO8. XIV. 
To divide the Ecliptick intoSignes,by the Line of Sines. 


Ote, That there be 12 Signes, and they divide the Ecliptick Line, 

or Circle, into 12 equal parts. Now becauſe the Ecliptick is 

360degrees, therefore 3o degrees is contained in cach Signe, ( 12 times 
30 being 360.) The CharaRers of the Signes are thele following. 


Aries, " Taxris. Geminy, Cancer. Leo. Virgo. 
”. V2 SS 


Librs, Sc þ . $; tttarins., Ca ICOrNTS Aquarius . P CES, 
= mn 7 FS 1. _ 


Tn. North Latitude 50 deg. 00 min. Declination Northerly 


x7 deg. 47 min. 

, SI aid before,there be 3o degrees to every Signe, take 
Fig nk A off 30 degrees. from your Sale of Chords, (if you; 
have no. Line of Sines ) reduce it into a Signe, and ſet it from the 
center of your. Sphere, on both ſides upon the Ecliptick, as here to ©, 
and then ſet aff 60 deg, which is two Signes, then 90 deg, which will 
be to the edge of the Cirele, and is three Signes, and mark them, thus : 
From Y to S, the firſt threez and back from. S to ® 3 from that to 
W; and laſtly, from that to Y : and thus the Ecliptick, is divided into 
twelve parts, or Signes. For though a plain ſuperfices doth not de- 
monſtrate the Lines to be Circles, yet you muſt conceive of them fo : 
for you know all Lines drawn upon a Circle, muſt be ſo, or parts of - 
Circles. Thus you muſt conceive of this Line to be forwards and 
back again, the whole Great Circle called the Ecliptick; 
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, KB K oO B, XV. 


Latitude 50 deg. 00 min. Northerly, Declination Northerly 
17 deg. 47 min. 7 demand 45 Swns place in the Ecliptick, 
and_ bis Right Afcenfion the 23th of July. 1687%%  . 


is VI He Suns place in the Ecliptick' C as I ſaid before ) is 
Fig wy his a—_ diſtance from the neat EquinoRial point 
in the Ecliptick Line, ( or to the neareli place where the EquinoRtial 
and the Ecliptick inter{G one another ) which is at V'dtom; B ( che 
place in the Ecliptick 3 ) ſo then take Y B off, and apply it to your 
Line of Sizes, or ( if you have no Line of Sines)) extend it to a Chord, 
and apply it to your Line of Chords. . | f 
The Suns me Aſcenſion is Y' C, equal to B D 3 but to meaſurc 
D B, take half the length of the Line R,O,. which is DO, and de- 
ſcribe the Arch LP, and' take,D B and ſctit a Sine ypon the Arch LP, 
and it meaſures to L, ( the Sine FL.) Lay your Scale from the center 
f your Circle to L, and draw the Linc LN to the edge of the circum- 
Ghenacy that Cont; take N K, and apply it to the Line of Chords, and 
as many degrees ard minutes as it is, ſo many degrees and minutes is 
the Suns Right Aſcenſion that day : and thus you may extend any little 
Cigcle to the Circle youz Scale is made by, or the,contrary; for LP 
Js farge quantify upon the lictle Cir, that N K is upon; the grea+ 
ter. Thnd' the Suns place here tobe'49 deg. 55 min. Right. Aſcenlion 


"iy 


. 


is the-niimber of degrees and minutes that come from Aries to the Me- 
ridian, which' the Sun or Star, as here T' C,:goeth along, as DB doth, 
and tlic Arch or Meridian BC, would come to the Meridian at OS at 
the ſame time. | TE 


 PRo8. XVI 


November 10. 1687., i# North Latitude 50 deg. oo min. De- 
clination Southerly 17 deg, 47 min.7 demand, as followerh. 


deg. min. 
I. He Mc ridian- Altitude of the Sun 22 30 
» * The Suns Amplitude of riting and ſetting 28 24 
3+ The Suns beighth at 6 of the Clock not up by 46 
4. The Suns beighth, bcing duc Eaſt or ejt not up by CY 
5. The Suns Azimuth at 6 of the Clock 14 13 OY 
6, Ihe 


performed by the Plain Scale. eo 7 


; 4 4 or ; wat £8 deg. mitts 
6 The: Suns place in the Eetiptick,, is in 28 deg. 59 min. . W 
LP Phe Sins Right Aſcenſuon - SEPAY EET... © © 20 
ORD» w- oy © bg. min. 
$. The difference of Aſcenſion | $7 "01 30 
9. The time of the Suns rifing. .._ 07 30 
10. The time of the Suns ſetting . Ds .. 04, 30 
I 1», The length of the day - ++ 2: 11H &: Og OQ 
12, The length of the night , ;.... *;,,, |-.'i' 25 -00- 
13. The time of the Suns being duc” Eaſt " 04 31-2, 
14. The time of the Suns being due Wet, _. 07., 29 3 
15, The time of day breaking Won Mr 7 
16, The time of Twi-light ending }. . 06. 18 


17. Thy continuance of Twi-light * © ty iu 6 ' 01-48: 
18, The length of the longeſt dey or night in-that Lat. 16 106 
19. The length of the ſhorteſt day or night in that Lat. - 07 50 


For the performance of theſe things, I project a Sphere Fjo, V. 
for the Lackade given, and ſet my — {ak Fig Y 
to the ſouthwards of the Equinodtial, ( ding tothe Propoſal ) and . 
it aopordences by RO; - and fo proceed co meaſure all,thoſt things 
required, 5 F279 "Eran 4+ >.4.30 | 

Tink, For the Meridian-Altitude of the Sun, itis AO; take it off, 
as before hath been ſhewed, I find it here 22.deg. 30 min. - | 

Next, fos the Suns Amplitude of riſing and ſetting, it is L Y 3 take it 
off, as hath been ſhewed before, and ſet it down.;:. in this Example it's 
: _ 24 min. aud ſo much the Sun riſeth to the ſouthwards of the 

a(t. wet % | I BEN 

For the Suns beighth at 6 of the Clock, look and find where the 
Suns parallel of Declination cuts the Axis of the World, and there is 
6 of the Clock, namely, at 6. Now you ſee the Sum is not up at 6 of 
the Glock, by the whole difference of Aſcenſion 6 L. 

For the Suns heighth being due Eaft or Weſt, the Sun is at C, when 
he croſſes the Ealt point of the ,Gompaſs; and ſo is not up. 

The Suns Azimuth at 6of the Clock, is BG; take itoff ( as in the 
Example of North Declinatiop before ) *tis here 14 deg. 13 min. 

The Suns place in the Ecliptick.is F Y, and is taken off, as is ſhew- 
ed in in the former Example of that nature : I find it to be here 28 eg. 
59 min. of mM, | 

D 2 Tke 


Ka: \ h 

20 Aſtemomical Problems 

The Suns Right Aſcenſion is 6 F, cqual to S Y, and is taken off, as 1 
have ſhewed in theExampte before 3 and find it 46 deg. 29 min. * 

The ifference of Aſcenſion is 6 L, and is taken off, .as in the Example 
done before of this nature : It is here 1 bo. 30 min. To In 

The time of the Suns riſing is after 6 of the Clock the whole diffe- 
rence of Aſcenſion, {o that being added to 6 hours, makes the time of the 
Suns rifing : It's 7 bo. 30 min. | ., 

Foy the time of the Suns ſetting, ſubſtra& it from 6 hours, and you 
have the Surito ſet at 4 bo. 30 min, 

Fox the fength of the day ( ſee in the laſt done )'thie length of the 


afterneery 4nd double that, and *tis the levgth of the day : it is 9 bo. 


co mir. This ſubſtrated from'the whole 24 hours, mult leave. the 
length-of thenight, which is r5 bo. 4 


or-the time of the Suns being due Eaf, take C 6 and convert'it 


into tire, and ſubſtraQ it from 6 of the Clock, and it gives the time of 
the Suns being due Eaſt, which is 4 ho.'34 min. $ ſec. (for you fee the 
Sun cuts at the Eaſtand Welt Azimmth ſoJong before 6 of the Clock.) 

For the time of the Suns being due Weft,'adde the ſame C 6 (laſt 
found ) to 6 hours, and it makes the time of his being due Weſt, which 
is in this caſe 7 ho. 29 min. 3© ſec. and the reaſon is plain, foraſmuch 
as the Sun is due Eft before 6, ſfo'much he is duc Weſt after 6 in the 
evening. es 3 aaje(s, 

The time'of Day breaking is» 6; take it off and 'convert it into 
time, and ſubſtraft it from 6 hours ( becauſe *cis before 6 ) and it 
gives your defire, 5 bs. 42 min. adde it to 6 hours, and it gives the 
time of Twi-light ending, which is 6 ho. 18 min. 

The continuance of Twi-light is 6 L; take it off ( as hath been be- 
fore ſhewed ) 'and' convert itinto time; its 1 ho. 43 min. © | 

For the longeſt day in that Latitude, take BE for the difference of 
Aſcenſion, and ( when converted into time ) adde it to 6 hours, and 
that doubled, is the length of the day z that ſubfirated from 24 hours, 
is theilength of the-ſhbrieft day, or night 3 ( the longeſt day is equal to 
the longeſt night -) but if you will tor the /erigth of the ſhorteft day, you 
may take Q Q for the difference of Aſcenſion, and convert it into time, 
and {ubttra&t it'trom 6 hours, and it gives the length of half the ſhorteſt 
diy, which doubled, is the length of the ſhorteſt day or night. 


Latitude | 


fo} 


? 
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Latitude 50 deg. oo min. Southerly, Declination Southerly 
x 7 deg. 47 min. / demand, as before. 


- T F Hope this will not ſeem tedious, becauſe it may be dif- 
Fig. VE] Rolle for a Learner to underſtand it fo well without it. 
Toere a Sphere of this nature, you muſt conſider the South Pole is 
now elevated, and therefore ſet your Latitude from the South point of 
the Horizon upwards for the elevation of the South Pole, as HI; the 
fame diſtance ſet from the Zenith towards the Notth point of the Ho- 
rizon upon the Meridian for the EquinoQal, as EN; the ſame from 
the North point of the Horizon A, downwards for the North Pole, as 
AB, and draw the Axis of the World IB, and the Equinodial NE, 
then ſet off the Trepicks, and draw them as hath been taught already, 

The Sphere thus finiſhed, we proceed to the Queſtions, which I one- 
ly intend to (hew where they muſt be taken off, and keave the practice 
of it to you. - 


1. The Meridian-Altitude of the Sun, is above the North Pole of the 
The Sama of nd ſe PY he > 

2. The Amplitude of rifing and ſetting, is Þ Y, to the ſouth” 
wards of the Eaſt. * vs F 

3+ The Suns heighth at 6 of the Clock, is 6 Z. 

4+ The Suns Azimuth at 6 of the Clock, is 6 S. 

5- The Suns beighth, being due Eaft or Weſt, is SV. 

6, The Suns place in the Ecliptick, is LY. 

7. The Suns Right Aſcenſion, is L 6. 

8, The difference of Aſcenſion, is Þ 6, after the Sun is riſen. 

9. The length of the Day is longer than 12 hours, by double the dif- 
Ference of Aſcenſion. 

4 ©. The length of the Night is the length of the day ſubſtrated from 
24 hours. 

11. The time of the Sans riſing, is P 6, before 6 a Clock. 

12, The time of the Suns ſetting, is as much after 6 a Clock. 

13. The time of the Suns being due Ezf, is 6 S, added to 6 hours. 

14. The time of the Suns being due Weſt, is the ſame ſubſtracted 
from 6 hours. | 

15. The longeſt day is found by O 6,for the difference of Aſcenſion that 


day. 
16. The 
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16, The longeſt night is cqual to it 3 the ſhorteſt day and night is 
that ſabſiraed from 24 hours. 


. 


PROB, XVII. 


To find the Suns Azimuth at any time of the.day in any Latis 
tude. | 


r 


T Heſe foregoing are the chief uſes of this Projedtion in Aſtronomy that 
can be 


| ormed by the Plain Scale, which do not 
the Altitude of the Sunz bat this following Problem ( viz. to Pe yrs 
Suns Azimuth at any time, as well as at noon, Sun riſing, or being due Eaſt 
or Weſt ) bcing ſo general, and of ſuch uſe in the g of the true 
Meridian, and from t the Variation of the Compaſi.z that I thought 
good to ſhew you how eaſily and exaQly it may be done by the Line 
of Chords onely : and for that end, I ſhall refer you to Fig. III. in- the 
fourteenth Problem of this _ where the Sphere is projeted for 
the Latitude of 59 deg. North, and for the Suns Declination 17 deg. 
* ' © 47 min. North. In which Scheme, HZON ts 
Fig. III. the Meridian, HO the Horizon, ZN the Azimuth of Eaſt 
. -- .and #eſt, Þ the North Pole, S the South-Pole, #, Y =, ce, 
the Equinodial, S S the Tropick, of Cancer,  ? the Tropick of Capricorn, 
and SV .( with-the reſt of the Signes upon ie 3 the Exlipti 
The Scheme being thus red, take 50 deg. the Latitude, from 
your Scale of Chords, and-fet it upon the Meridian from Z to AX, from 
N toc, alſo from O to P, andfromH to S ; and draw Zce for jhe E- 
grinoFial, and P'S for the Axis of the World---Then, the Suns Declina- 
tion being 17 deg. 47 min, Northward, take that out of your Scale of 
Chords, and ſet it upon the Meridianfrom Z and <&, to D and D; to- 
wards Þ the North Pole, (. becauſe the Declivation was Northward ) 
and draw the Line DD for the Paralle? of the 'Sa1s. Declination or 
Comrſe for that Jday.----Alſo, take 35 degrees (the Suns Altitude obſer- 
ved) and (ct it from H to.Lzand from O to L, drawing the Line L Lifor 
the Line cf the Suns Altitxde, cutting the Line DD in the point ©, 
( which is the place in the Heavens in which the'Sun was at the time 
of obſervation.) ----This done, take half the tength of. the Line LL, 
viz. EL, in yous Cm and ſetting one footin the Genter, noted 
with Y* and =, deſcribe the Circle C AF; and from the point © e- 
re& a Perpendicular © A, cutting the Circle laſt defcribed in the point 
A.---Lafily, lay a Ruterfrom the Center at Y' and ®, to the point A, 
and draw the Line AB, and your work Is ended, Ro 
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ff 


ur 7 


Agnam/t P 
age 22 


» 


performed by the Plain Scale. 23 


And then, 
H B meaſured uporſThe Scale of Chords, ſhall be the Suns Azimmurh from 
the South, and ſhall be (in this Example ) 77 deg. 8 min. 


B Z the Suns Azimuth from the Eaſt or Weſt, and ſhall be 
| 12 dep. 52 min. 
BO ſhall be the Suns Azimuth from the North part of the Meridian,and 
meaſured upon your Scale of Chords,thallcontain 102 deg. 52 min, 


This laſt Problem is of excellent uſe in Navigation, for that you may 
thereby find the Variation - of your Compaſi at any time of the day, as 
well ( nay better ) than by a Meridian-Altitude. 


Many more Problems in Aſtronomy, and alſo in Geography, may be 
performed by this ProjeGtion 3 but let theſe ſuffice, till T ſhew yort 
farther Uſes of this Scale in other ProjeQions of the Sphere in 
Plano. 


— __— Alkc. _ F'Y 
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The Uſe of the GLOBES. 


| CHAP. VI. 
The Uſe of the Terreftial Globe. 


\ Globe is an Inſtrument ſo well known, that it will be but loſt 


—_——————— 


time to expreſs what its Materials are; and therefore I (hal! 
onely touch at that in the Uſe of it, as followeth in (ſeveral 


Problems. 


PROB. I, 
Having the Latitude of any place given, to ſet the Globe to it. 


\9,94 Ithin the brazen Circle the whole Globe turns ( which is cal- 
led the Gradwated Meridian )) and is divided from the Poles or 
Axel-trees thereof, cach way into 9o degrees, Now to ſet the Globe 
to any Latitude propoſed, turn the Meridian in the Frame, till the de- 
gxees that you would ſet him to, cuts with the Horizon of the Globe, 
(which 
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( which is the flat round Frame of Wood in which the brazen Meridi- 
an turns ) 3 if the Latitude be Nortberly, let the North Pole be elevated 
. from the Horizons if it be South Latitaile, let the South Pole be dlevared, 
and (o it's ſet right. (and if you-fer- the Meridian duc North and 
South } it repreſents { in cither Globe ) the true (tanding of the Hea- 
vens or Earth. ' 2 


PRO 8. IL. 
To find the Latitude of any place upon the Globe. 


Soon on the Globe for the place, and turn the whole body till that 
place comes under the Gradxated Meridian, and the degree that 
falls upon it, is the Latitzde of that place. | 

So if you turn it for the Lizard ( and the Globe be made true ) 
you will tind the degree on the braſs Meridian over it to be 5a deg. 


PROB, IIL 
To find how two places bears one from the other. 


Odo this, there is a Quadrant of Altitude which. is to be fa- 


ſiened upon the brazen Meridian, and to be taken off at plea- | 


ſure : ſet the Globe to the Latitude'of one of the places, then 
turn the body till that place comes under the brazen Meridian, and 
ſcrue on the Quadrant of Altitxde, then tum it fo that it may cut di- 
rely over the other place, whoſe bearing you would know, and fee 
upon what of the Horizon the ſame edge cuts, for that is, the 
bearing of thele places one from the other, as was required. 


PROB. LV. 
To find the diſtance between two places. 


Þ* this, ſuppoſe the Quadrant of —_—_— ſet over one of the pli 

* ces given on the brazen Meridian, turns it ( as it was d in 
the aſt Example ) over the other, and to the number of degrees that 
is between them ( on that quadrant ) is the thing required. 


PROR 
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. % | PRoOB.V. 
"To find the: Longitude of any place. ' \ 


Uta che, place whoſe Longitude is required, to the Graduated 
Meridian, and at the ſame time the Meridian will cut the E- 
—_— in the. degree 'of Longitude that place hes i in 4 for 

the EquinoQial is divided into degrees. a4 


= — —— 


CHAP. vVIL L, 
. The hy of the. rs aaer Os 31 Wi, is 3b: 
'Paos, - * 
the Month given, t the 8; and de 
my —_ the Rr the Sum in. _ ipe 


bn | baklok fr ddl fey 
month, and right againd it is the Signe, and the degree'of that” 
Signe, the Sun is in. 


PAo8B., IL | | 
| To find the Amplitude of the Suns  rifing or ſ ting. 


Ring the Suns in the Edlipch, the Globe,to the Hor 
B on rd cont the ders Con Kuomatiat ens 

of it, Dn ng 
the Eproai _ the otizon, there is the Eaft or Weſt points of 


| 4 | -PROB, 
” F, - ; ; - . ., b : - 
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PRroOB. ID, 
To find the time of the, Suns rifing endl ſting. 


Note, Upon the North Pole of abr Gdibe thire @ i brafe Cirelt widh an Ti- 
dex that oye mr tym z pr ye ke 8 Clock at 
2 8 Clock,at p 124 night, to 12 
Clock ot noon fil forwards, the ſame way for ti bouts of dhe in ad 
zight. 


N Ow to place the Index of the Hour-circle for any day of the year, 

you mult ſet it to 12 on = ”= edge of the Hour-circle 3 then 
is the Hour-cirde reific | a 

Now to know t the time of * Soars, Gr Globe to the Lati- 
tude that you av 2r-tho degree of the 
Signe the Sun is in, and, nar try the _ at x2 a Clock, turn 
that degree to the graduated braſs pwn al and keeping of it there, 
Et the Index 4 ay hour of '#2 upper edge of the Hour-circle, 


cut he hog 3-5 3 Me of me o SE LITE 


upon the Hour-circle, and point "to eine yo 
ache gap e tg wi hen.the ve 


” 
evr,f 4 


_— 
# 


PROB.TV. 
To find the Declination, having his Place ,e-pi 


\ Gs ag" Wa 
Ock for by GAY bn ron "ah Ro the de yr of his 


:Mitudian; watdlo manyrigerdtts” 
: Con the Globe ) DT 
Jy an Southerly, according 25 the 


PROB. V. 
To find the Suns Meridian-Altitude any day. 
I] * for the Suns place in the Ycliptick ( as hath been ſhewn ) 
and turn that degree to the brazon Meridian, then ſee wo many 
egrees 


a 


- — ow OS 


> 
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degrees is between that and tlic Horizon, and ſo much is the Suns Mc- 
ridian-Altitude that day. 


I, -.P.ao'B. VI. 
To find the Altituds' of the Sun any hour of the day. 


CF: the Globe to the Latitade, then find the Suns place, and ſet the 
CI degree 'of the Suns place to the brazen. Meridian 3 alſo ſet the 
Index to 'r2 of ny Clock on the Cn—— A on the parte 
the Index cuts the hour you, would kpow his beightb. at, and fo kt ic 
tine till! yoa Have ferued on'the Quadrang of Algtyde hee: brazen 
Meridian,in that part of it that is the Zenith (as the Globe now ſtands) 
and turn it ſo as you may cut the Sun in the Eclipticks and ſo many 
degrees as is between the Suns place and the Horizon on that Qua- 
drant of Altitude, ſo high is the Sun at that-time. 


ProB VIL _ 
To find the hour of the day by the Globe. 


Wt a Quadrant, or other Inftrament, take the Altitude of the 
Sun, and then this is but the converle of the formner : for ha- 
ving the Globe ſet to the Latitude, and the Index reRified, and the 
Suns place under the brazen Meridian, and the Quadrant of Altitude 
ſcrued on at the Zenith, turn the Globe ſo that the Suns place may cut 
that Altitude on the Quadrant, and then will the Index point out the 
hour of the day upon the Hour-circle. - 


PrRo8B., VIII. 


To find the Meridian- Altitude of a Star,. or his eighth at any 
time of the night. 


Ou have the Stars placed in the Caeleſiial Globe, ſo that you may 

TL fcchow to turn the Star to the brazen Meridian, better than the 

Suns place in the Ecliptick , and then proceed as you did in the caſes 
of this nature about the Sun, 


E 2 PROB. 
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PROB, IX. 
To find the Right Aſcenfiow and Declination, as alſo the Oblique 
Aſcenſion of, the Sun or Star in any Latitude. =, , 


VA Fen you bare refed the Clabe, bring the Sans plac to the 
Meridian under the Horizon, and the degree of the Equino- 
 Qial that comes with je to the Meridian, is the Right Aſcenſion. 


tcb na part of the Meridian under the Horiza, they 
Ms + Tx : a 


If you would find the Oblique Aſcenſion bring its place to the Eaſt 
fide of the Hortzon,/ and where the Horizon cuts the FquinoGial, is the 
Oblique Aſcenſion of cither Sun'or Star, © oO OT 
If you would find the Obligne gs, bring the Suns place to the 
Weſt fide of the Horizon, as you did*the other to the Eaſt fide, then 
work as before. | : | 


ARE PAOB.X © ; 
To know what Stars art above the Horizon at any time of the 


day or night. 


PE the Globe in a true poſitiqn, and then if you would know 
(in the day-time ) what Stars are up, or above your Horizon, 
firſt take the Altitude of the Sun, and turn about the Globe till you 
bring the Suns degree or place to the Altitude taken 3 ( on the Qua- 
drant of Altitude ſcrued to the Zenith ) tay the Globe there, and you 
will ſee all the Stars that are above the wooden-Horizon repreſented 


unto you. 


PAOB, XI. 
To know the time of night by the Glabe. 


Ake th;c Altitude of ſome known Star, then reQific the Index of 
your Hour-circle according to the day of the month, then turn 
the Globe cill you make the Star ( taken ) come to agree with, or cut 


upon the Quadrant of Altitude , at that degree on it that the Star _ 
tne 
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- & high, and at the ſame time, the Index on the Hour-circle will point to 
© the time of night. 

d If the Star be paſt the Meridian, turn the Quadrant of Altitude to the 
Weſtwards of the Meridian 3 but if the Star be riſing, to the Eaſtward 
of the ſame. 

Theſe things may be wrought upon the Globe, and divets others, 
but not with that exaQneſs as by thoſe other ways that 1 have treated 
of, but this is a good demonſtration of them ways. COTS. 


Thoſe that deſire farther inſtruftion in the Uſe of the Globes, may 
] make uſe of Mr. Leyboxrr's Introduftion to Aſtronomy & Geography z 
in which Book they may be fully ſatisfied in all the Problems 
thereof. And ſuch as deſire, may be furniſhed with Globes ( of 
all ſorts ) Spheres, Maps, Sea-Plats and Charts for all'Naviga- 
tions, at Mr. Robert Morden's Shop in Corubill.at the figne of Atlas, 

'near the Royal Exchange, London. yt 


EY The End l; the Tſe of the Globes. 


CHAP. VIII. 
Propoſitions of Plain Sailing, performed by the Plain 
. Scale. | | 


Courſe and diſtance run, being given, to find the diflerence of 
Latitude and departure from the Meridian. 


| Queſt. x. 
Admit I ſet from the Lizard, lying in the Latitude of 50 deg. ( North ) 
' and ſail South Weſt by Weſt 78 deg. I demand what Latitude I am 
in, and my departure from my Mzridian ? 


Ake notice, that the difference of Latitude is the Northing or South- 

ing that is made upon any given Corrſe z and that the 

Departure from the Meridjanis the Fafting or Weſting that is made upqn 
Wis ' 


tho 
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the ſame Courſe. Now to anſwer this », 


&. £9 


A. Queſtion, 1 firlt propoſe to m 
the Eaſt and Weſt, North and You 
parts of my Book 3 and [ always ac- 
count the upper part of my Book to 
be North fram mc, and then conſe- 
quently South will be togne, and Weſt 
will be to the left hand, Loft will be 
: tothe right; ſo that DA isa North 
Q { and South, and DB ao Egf and 
li, : Weſt Line, - I things premi- 
es fed, Firſt draw AD, take off 
' Go deg, from your Scake of Chords, 
and from A as a center, deſcribe the Arch CE, and take five points 
froms your Scale of Points z and (et upon that Arch from the South at 
C, to ( becauſe your Courſe is five points to the Weltwards of the 
South )- then from C by E draw the Line BA (which raingeth South 
Weſt by Weſt ) and ſet off your diftance run, which is given you, 78 
leagues-from A (it reachethto B ) there then muſt your Ship cer- 
tainly be, becauſe BA is a South Weſt by Weſt Line, and 78 leagues 
from the place you ſet. Laſtly, let fall the Line A D Perpendicular to 
BD, and fo you have the Triangle ABD. Now *tis demanded what 
Meridian-diſtance you bave made ? Why you ſee the Eaſt and Weit 
Line DB is your Depagtuxe or -neareſt Uifkance from the Meridian or 
Nosth and South Line you ſet from, and AD is your difference of Lo- 
+H#azde you have rmade ro the Southwards of the place you ſet trom ; 
take them off, and ſet them on your Scale of Leagues, and fo many 
leagues as each is, ſo much is your difference of Latitude and Depar- 

Tre. . 


The Depurtmne from the Merician B Dis 65 leagues. 
The difference of Latitnde is AD 43x leagues. 
Now to know what Latitude I amin, I conſider I am to the South- 
wards of the place I ſet from 4353 1ca and therefore in a leſs Lati- 
_ than I was, "rr Latin from is Northerly 4 _—_— 
convert my 43x of Latitude, into degrocsd 
minutes, by multiplyingmy gifference of Luticude by 3, ( beuleth 
are leagues ) and it gives the minutesof difiance (which is 2 29 min. 
that divided by 60 { becauſe 60 minutes makes a degree ) gives the 
degrees in the quoticnt, and the minutes is the remainder af the divi- 
ton, which is 2 deg. 9 min. This ſubſtzected. from the Latimude I ſet 
from, leaves the .Latude 1 am now in, which is 47 deg. $4 min. 
Fll be bricfer in the reſt. Courſc 


TOI 


——_ ——  ——_— 
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d . 
A Yours #4 difference of Latitude gevex, to fud the diſtance 
* * run, anddeparture from the Meridian. 


Queſt. 2. 

Admit 1 & fo 6m that lieth in North Latitude 32 deg. 20 min. 
and ſail North Weſt and by North, till I come into the Latitude of 
33 : $0 min. I denand my diſtance run, and departure from my 
Meridian. rpg | 

| Ole Quits, bh Gow a North and South Line, and I 
| drawirti the right hand in my Book ( becauſe there 
may be root for the Courſe) this done, towards the South end of it 

I propoſe the .Port 1 ſet from to be ( as at B, and from B (asa 

center I deſcribe an' Arch of 6© _ ( taken from my Scale of 

Chords ) ' arid wp6il fe ett three'y Cav hath been ſhewed in the 

laſt Example) it being my Courſe North,three 

points to the Weſt, as C'S upon the Arch of «, 

60 degrees, and draw the Line BA at plca- 

ſure by S 3 I ſay then, the Shipis ſomewhere 

in that Line: I look upon the Queſtion and 

find that the Ship ſailed from the Latitude 

of 32 deg. 20 min. into the Latitude of 33 

deg. 50 min., I ſubſtra@t the leſſer Latitude 

from the greater, and ſo have my difference 
of Latitude which the Ship hath made : It's 
here 1 deg. 30 min. or 30 | This dit- 
ference of Latitude ſet upon-the North and 

South Line from the Port I failed, which is B, 

and it reachethto C3; ( the reaſon I ſet it to 

the Northward, is, becauſe I failed more Noxtherly than T1 was ) from 

C raiſe a Perpendicular or Wett Line ( becauſe the Ship fails to the 

Weſtward ) and where that cuts the range of the Ship, which is at A, 

there moſt 'the Ship be : fo then A Bis the diſtance run, and A C the 

7 cov ohh Gena z take them off, and-apply them to: your Scale of 

| EA C'iv the de "Ay 21 fragues. 
\. "BC is the diftance ran 36 leagues. 
"The like is co be underftood of any other Queſtion of this nature. 


Difference 
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0 
Difference of Latitude and diſtance run- gives, to fud the : 
c 


Courſe ard departure from the Meridian. 


Queſt. 3. ; 
Admit I ſet from a Head Land which lieth in South Latitude 40 deg, 
and: ſail upon ſome point between the Squth and the Eaſt, 79 leagues, till 
T alter my Latityde .2 degrees or 40 cages 3 I demand my Courſe 
made good, and departure from the Meridian. : kev F124 © 
"Or the doing this, I firſt, draw a North and South Live, -and in-it + 
propoſe the place the Ship ſets from. The North and? South Link 
is A B z . the place the Ship ſets from let be A: ſet your difference of 
from A, and it reacheth toB} from B- 


Latitude, which wade. pr - win = 
raiſe a Perpeodicubar, and graw it at pleaſure, as BD 3 laſtly, take the * 
diſtance run, and faxing oncfoot of your Compales in A, groſs tho ali 


[ 


1 


(= 


. 

-— © — 
. 

. 


* 
. % 
. * 
. % 
.* 
4 . 


and Weſt Line with. the other, and where they interſeR, is the place 
where the Ship is, which here is at D; draw the fide AD to that 


point of their interſeQionz and meaſure DB, and the number of 


leagues is the departure from the Meridian that the Ship hath made. 
Then to know her Courſe made good, take an Arch of 6odegrees 
from your Scale, and making the place you ſet from the Center, de- 
ſcribe-che Arch SO, as here ( from A the Center ) 3 that done, = 


ee. —_ 


C* 
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off S O, and apply it to your Line of Chords, and as many degrees as 
it gives, o many degrees hath the Ship failed to the Faſtwards of the * 


* > + South. If it were demanded what Eatitude you are in, you muſt adde 


it to the Latitude you ſet from ( becauſe you are in a South Latitude, 
and have gone tothe ſouthwards ): It's here 42 deg. 0g min. 

The departzre from the Meridian BT, js 68 leagues, 

The Corrſe is South 59 deg. 35 min. Eaſterly, or South Eaſt by Eaſt 
3 deg. 20 min. Eaſterly. 


Difference of Latitude 44 departure from the Meridian given, 
to find the diſtance run and Court, 


Admit I ſet from a Head Land, and ſail won ſome point betweenthe Newt 
and the Weſt, till T alter my Latitnde 1 deg, 30 min. or 30 leagues, 
and depart from my Meridian 39 leagues, I demend my Courſe made 
good, and diſtance run ? | 


x 8 


E*: the anſwering this Queſtion, I draw my North and South Line 


( as before) and upon it I ſuppoſe the Head Land to be, as at A; 

then I take off the differcnce of Latitude from the Scale, and from A, 

(et ir off to the Narthwards ( becauſe I ſail to the Northwards ) and 

it rcacheth toB: from B then 1, raiſe a Perpendicular, and (et off my 
Meridian diſtance upon it 39 4 
leaguer, which reacheth from B : 
to D, and conclude the Ship | ; 

3 


is at D, becauſe therein the Pa- T 

raſlel of Latitude is 39 leagues OE hoy 
from the Meridian, according Caged? 

to the Queltion. Draw the - 


fide D A, which -is the diſtznce RO 

ru), and take it off, and mea- Za 

ſuxe ( as before hath..been 

ſkewed ) alſo, takg off the 

Courſe, by deſcribing the Arch 

as = 2% and taking it 

off and applying ic to your Line 

of Points { de hk Lang wang A. 

ed) orto the Line of Chords, if you defir: it in dezrecs. 
E 


The 
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The Corrſe made good, is North 52 deg. Weſterly. 

The diſtance run is D A, 49 - 6 

The like is to be underſtood of any other Queſtion of this kind, but 
this ſhall ſuffice. R 


nd . ——_— . _——— no 


CHAP, IX. 
How to work any Travers by the Plain Scale. 


many Courſes and diftances, how to fet them off, - and to 
- reduce the whole Work. to one Triangle, and from it to 


W' come next to treat of any Þraverſbs,that is, when there be 
be reſolved. 


The Firſt Travers. 


Admit 1 ſet from a certain Port, and ſail South South Weft 60 hae 8 
from thence South Weſt by South 4.0 leagues 3 from thence South Weſt 
Weſt 17 leagues 3 from thence South 'q,0 leaguer. Now if the Port Þ 
fet from was in North Latitude 32 deg. 20 min. I demand what La- 
titude 7 am in, my departure from my firſt Meridian; as alſo my Courſe 
»pon a ftreight Line, and my diſtance from the place I ſet ? 


Fs reſolving of this, Firſt, draw a North and South Line, as 
AG, as ( from the place that you propoſe to your ſelf to ſer 
from ) take aw Arch of 6o deg. 00 min. from your Scale, ( and ma- 
king that the Angular point ) deſcribe'it, as OR, and ſet off two 
points 3 that done, draw the Line AB, and it ſet off your di- 
ſtance run from A, and it reacheth to B;. from B draw another North 
and South Line parallc} to the firſt, as BS, and by an Arch of 60 de» 
grees ſet off your ſecond Courſe, and your diſtance upon, jt, and it 
xeacheth to Ds. from D ſet off your next Courſe and diſtance, and ir 
zeacheth from D to E 3 then from E, upon a South Line, ſer —_— 


L 


Fa... 


I _ 
at. 
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- 'C laſt diſtance run, and it JA 
_ reacheth fromE to F, Now # 
> * hecauſe there is no more Fi 
Gourſes and diſtances, 1 Fl 
conclude the Ship is at F; f 
and therefore, if you draw 
a Line from F to the Port 
you ſet fromat A, (as AF) 
it's apparently the diſtance 
you are from the Port you 
ſet from C after all theſe 
Courſes and diſtances ſai- 
led ) and by the firſt Arch 
of 60 o_ you may 
take off the Courſe made \ A: 
good ſince you fet out, Sf tf 
which is B O; and if from Pg 
the ſame place, at the end Y VO 
tne 3 S - 
length of it is the whole *.. 


.F => $7 ooo 0nenneeo cnn Shnemes -J@ 
#1; and A Gis your whole A | 
difference of Latitude : which ſubſiraQted from the Latitude you failed 
from, leaves the Latitude you are now in ( becauſe you are in North 
Latitude, and have failed to the Southwards. )... They are, as follow- 


”» 


cth : 
The diftance rn AF, is ay» wr 
The Courſe made good B O, is South South Weſt 1 deg. Weſterly. 
The difference of Latitude G A, is 138 leagues. 
That ed from 32 deg. 20' after it is conver» 
ted into miles, is p 25 deg. 26 


The like is to be underſtood of any other Travers 


The xre from the firſt Meridian is FG | ic 


A F 2 Travcrs 


m_—_ ” 
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Travers the Second. 


Difference ef Fatitude, and diſtance run, being given, to find 
the Courle and departure. 


Admit I ſet from ſome Head Land, and ſail upon form point between the 
Sonth and the Weſt, 56 leagues, till I alter my Latirude 1 deg, 30! ; 
from thence upon ſome point between the Sonth and the Eft 37 leagues, 
till T alter my Latitude 1 degree 3 from thence upon ſome point between 
the North and the Eaſt 30 leagues, til I atter myLatitude 10 leagues 1 
I demand, as before. 


T His Travers is wrought as any other Queſtion, where the difference 
L of Latitude and diſtance ren is given, . onely ftom the” concluſion 
| of every Angie draw a North and South 
Line paralld to the tirlt , and do. as 
though ic were another Queſtion of 
that nature , till you have ſet them all 
off, obſerving to ſet your. Courſes in 


then draw the Line AD from the 

the Ship is at,to the place 'yoh fer from, 
and fo you have AD for 'your whole 
Sw. ©. diſtance un fince' you came out: AB 
JU GE 197 ee ni for your Whol Meridian diftance'; SR 
Ny es Tn is the Courſe made good from: the 
place b ig out : All which, arc as followeth. 1 A © ir + * 


_ AP.thediftpnce is1h 15 1 4 1; 2:  '5Sleagnes neateſt, 
A B'thee- Meridian diltance, SCN 11-lcagues. 
 $R the Conrſe made good, is - 2 Nunth 16 leagues Baferly. 
> BD the*diference of Latitude, is 38 leagues 1Weft 2 deg. 54: 
+ *>4 ll XC OD :: T07 ' 1 AS SITTE | | 
2:60 2itls Þo £15767 T 120650 he bb GON en 
Travers 


e:/4411k 


the right quartersof the Conpads 3 and. 
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: V] Travers the Third. 


Courſe and difference of Latitude given, to find the diſtance 
run, and departure. 


Admit a Ship ſets from a certain Port, #nd ſails South Eaſt by South, till 
he alters bis Latitude 1 deg, 3O' 3 from thence South Eaſt, till ſhe alters 
ber Latitnde 1 deg, 30' 3 then North Weſt by North, till ſhe alters her 
Latitude 15 leagues, and then obſerves, and i4 in the Latitude of 40 
deg. 00” North 3 I demand the Latitude of the place ſhe ſet from, and 
ber depazture from her firft Meridian, 


His Travers is wrought as any other Queſtion, where the Conrſc 
| and difference of Latitude is given, onely from the end of every 
Courſe and difference of Latitude laid down, draw a North and South 
Line parallel to the firſt, and do as 
though it were another Queſtion of © 
that kind, till you come to the end of :. 
the Travers, and then let fall the Per- 

ndicular A D, and draw the Line 
D ©, and reſolve the whole Travers, 
F as bcfore in the haſt Travers : onely ob- 
ſerve in .this, and all other Traverſes, 
thac you ſet your Angles in the right 
quartcr of the Compalſsz as here the 
third Courſe is North Weſt by North, 
and therefore I {et it off from the North 
and South Line F N towards R, which 
is from the North to the Weſtwards ; points, always making (as 1 
lhewed betore) that part of your Book that is right from you,the North 
parts and (otheſe Courſes in the Travers repreſent the Lines that they 

be drawn for. The An(wer of this Travers is as followeth. 
The 4i;tance rax uvon a Rreight Line, is DO +» 175 miles, 

Js 

" __ is LS, the meaſure of the No.3 dez.Woflerly 


The departure from the tult Meridian is D A 120 nules, 
The difference of Latitmde fyom the place 1 ſet, is AO 155 miles. 
And by confcquence the Latitude I ſet from is 42 dege 157 


hecauſe 1am ſo mach more Southerly than that Latitude that ? ſet from, 
by the difference cf LatRude, And thus is any Travers of this nature 
xlolycd, Trayers 


' F 
» 
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Travers the Fourth, Of Soath Latitude. £ | 


Admit I ſet from South Latitude 50 deg. 00', and ſail South by Weſt 42 
leagues, from thence South Weſt 40 leagues, frons thence South South 
Eaſt 28 leagues ; I demand what Latitude I an in, and*'my Courſe 
ſailed, my diltance from the place I ſet, and Meridian diſtance. . 


His Travers is projected and reſolved as the firſt Travers was, and 
therefore it is but ſuperfluous to ſay any thing of it 3 but in the 
concluſion I find I have differed my Latitude 94 leagues 7, and it is 
demanded of me what LatitudeI am in. Now becauſe I am in a Sou- 
thern Latitude, and my difference of Latitude is Southerly, therefore my 
Latitude is incrcaſed ſo much as my difference of Latitude is 3 ſo that 
I muſt adde that to the Latitude I departed from, and it makes the La- 
titude I am now in 54 deg. 44's 
And the reaſon is plain : For if you are in a Northern Latitude, 
and fail to the Northwards, your Latitude increaſeth 3 fo likewiſe, if 
= you be in a Southern Latitude, and fail Southerly, your Latitude muſt 
increaſe, for the ſame reaſon. 


Thus much for Traverſes protracted; which I look upon to be veR 
ry tedious at Sea to do it this way 3 for ſometimes by contrary Winds 
a Ship may make five or fix Courſes in twenty four hours, and to pro- 
tract them thus, would be very tedious : and therefore my Father 
made a Table of Courſe and Diſtance, that gives the difference of Lati- 
tude and departure very readily and becauſe it is (by ſome body) al- 
moſt ſpoiled, for it 4» mage} Complements below and above, and 
Latitude ſet in one , and Departure in the other, which makes 
nonſence of that Table, which ( as it was meant and printed from the 
Original Copy ) was the plaineſt and caſfieſt of Tables 3 and that Pl 
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make appear by ſeveral The Table ( according to my Fa- 
thers dehire ) is inſerted in this Book, as he firſt did them. But to 
proceed to the Uſe of the Tables. : 


CHAP 


per formed by the Tables. 


—T_ _—_ 


CHAP. X. 
The Uſe of the following large Table of Longitude 
and Peparture, in working of Traverſes. 


Example the Firſt. 
Admit I bad a Travers as this is that followeth, 
South. Eaſt. 


t. South by Eaſt 10 miles 9.8 1.9 or 11 deg; 
2. Then South Eaſt by South 20 miles 16, 6 11. 2 or 34 deg. 
3. Then South South Eaft 2.4 miles 22. 2 09. © 
4+. Then South Eaft 15 miles IQ, 6 10.6 


South 59.2 Eaſt 32.7 


Or the working this Traver FT look in the Tables for the firſt Courſe, 
| F and becauſe it is one point from the South, I take the Southing 
* under 11 deg, oo' ( which is the neareſt to one. point ) and againſi 
the diftance run upon -that point, which is 1c miles, I find 9 miles. 
$ tenths of a mile ; and in my next Colume 1 find 1 mile 9 tenths for 
my Eaſting, ( which is under 79 deg. my Courſe from the Eaſt ) ſet it 
down as in the Example before 3 then I look for my next Courſe, and 
it's South Eaſt by South ( which is three points from the. South to the 
Eaſtward, or neareft 34 as ) under 34. / np againſt 20 miles (the 
difiance run) I find 16 miles 6 tenths for my Southing, and 11 miles. 
2 tenths for my Eaſting: And in like manner do by the reſt, Now 
—_—— them all, 1 adde up my Sonthing, and it makes 59 miles 
2 tenths; and my Eaſting added up, makes 32 miles 7 tenths. 


If you would know your Courſe made good, and diſtance run upon 
that Courſe, then look for your Eafting and Southing in-the Tables, 
where they will anſwer in one line, and againſt that in the ſame line is 
the diſtance run, and over your Southing is the Courſe made good 
from the Meridian of South Eaſterly. In this Caſe, the diſtance run 
is 70 miles, my Courſe South 33 deg. Eaſterly. 


Examplc. 


Propoſitions of Plain Sailing, 


\ Example the Second. | 
Admit this 24 hours I bave ſailed as followeth. 


j South, FEaft. North Weſt. 
"South South Faſt 15 miles 13.9 05, 6 OO. © OO. 0 
South South Weſt 18 miles 16.7 08,0 oo, o0* 06.7 
South Weſt by South 20 miles 16.6 o0, © ©0.0 II, 2 | 


Eaft by North 18 miles 0% 0 1.7 03-4" | 06. © 
290-2. -BYo'F -- Je $: 1 'P 
3-4 27-9 


South 43. 8 Eaſt 05. 4 


the working of this Travers, take the Courſes and diſtances out 
of the Tables ( as before ) and againſt them is the difference of 
Latitude and Departure, as was (hewed, and as here appears 3 but ob- 
ſerve to put your Northing and Soathing, Eaſting and Weſting, di- | 
ſtin&;, as you ſee it done here: and when you have done. Adde them 
up ſeverally 3 and then ſubſira& the lgler number, whether of your 
Southing or Northing, from the greater, and the remainder is the dif- | 
ference of Latitude, either South or North; as in this caſe the greatelt . 
was Soatherly, now the un by ſubſtraſted, the remainder is 
43 miles $ tenths Southing 3 in that reckoning alſo,the greateſt Meri- 
dia | 


n diſtance was Eaſt, I have taken the VE it, and'the rc. 
mainder is 5 miles 4 tenths clear Eafting : And thus you may find your 
Eaſting and Weſting, Northing and Southing, in any Travers or 
Courſe, which is ſufficient for any man to keep a reckoning at Sca by, ! 
& indeed the only way that 1 know,unleſs there were ſome way to find 
the Longitude by obſervation, as well as the Latitude 3 ( which thin 
I parpole to ſhew as ſoon as I can come to it, ) Now I would wi 
every man to keep his reackoning by Latitude and Longitude, for ſo 
he is ready at all times to give his account cither to himſelf, or any bo- 
dy elſe, as I'll prove by the Examples of Reckonings following aftes 
the Table, which I thought good here to inſert. . 


—_— 


Note, that this Table goeth but to 100 miles diſtance run, but if your 
diftance be more; take it at twice, thns : 
Admit the Courſe were North 31 deg. Eafterly 142 miles, I (et it 
thus, and adde them together, 
Norrb 
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North Eofterly 31 deg. 042 36. 0 21, 6 


| qo ' North Eafterly 31 dig. uo $5.79 <1. 5 
fY 


———— s{]-?®®UORKG—C—C——— 


Narth 24, 7 Eaft73. 1 


Mr. Colſ.me hath taken the liberty to tranſcribe the following Table, 
and placed it In his new Kalendar, but with ſome Alteration and need- 
leſs Addition, and then is pleaſed to call it, 4 Table larger end better 
comtrived than of thts nature yet extant, Now for t —_—__ 
of it, he hath calculated a Colume for every quarter of a Point 6t-the 
Compaſs,” which is a very uſcleſs' thing 3' no pvint or quarter falling 
- above 3o minates of a degree of the C $ ( which is not one two 
and twentieth part of a point of the @ompaſs ) from what's done by 
my Father many years ſince; and for 24/points of the Compaſs but 
'15 minutes of a degree ( which is neicher of them to be minded ; ) 
But I think he never uſed the Sea, and fo may believe that a man can 
fail to a hairs breadth at leaft.- But I would fain know if the quarters 
of points mult be done ſo exaQtly, why every degree of the Compaſs 
ſhould not as well bedivided into ſuch nicities ? Now for this and his 
writing Latitzdein one Colume, and Departwre in another, againſt the 
Diſtance, ( very contrary to my Fathers meaning, and moſt mens un- 
derſtandiffy, ) avd Compliments below and above, ( which is very 
odde ) he intimates himſelf to be the Author of the whole Table 
whith is implicd in theſe words of his: ( pege 132 of his Book ) This 
is a Table larger and better contrived than any of this nature yet axctant. | 
wonder at his Confidence, to venture to-print ſuch a Table for his 
owt, which was publiſhed by my Father many years before he was 
born,and is onely ſpoiled by Mr. Colſome in his aſſumed Book 3 and by 
ſomebody of late, who hath printed it after the 1zme nonfencical man- 
ner ( the quarters of points excepted ) in my Fathers Sea-mens Pra- 
ice. 

The Tables here following are as they were firſt deſigned to be prin- 
ted by the Author 3 the quarters and halt points were done by Mr. Phi- 
lips 3 and fince that, by Mr. Fobn. Sellgrs : fo that they are-no way tn- 
larged by any inyention of Mr. Colſome, though he is pleaſcd to ſay fo. 
But 1 wonder- at it, fince I ſaw his Arrogant Epiſtle to poor Captain 
Sturmy's Magazeen \ but extreamly at the Stationers, for ſuffering that 
Epilile to be printed, notwithſtanding he received a conſiderable ſum 
for his pains to corre& and purge that Book of the impertinencies 
and abſurdities ( committed by the Author, and omitted by Mr. 
H.P. in the firſt impreſſion.) 1 _ be thankful, if any man would 


(hew 


7 Proffitiont of \Rlain Sailing, 


ſhew- tte what: real Athprovements Mr. C. orany man elfſc hath made<—-.. -- 


tothe hitter Edition, more thaman Arragunt Epilite. fall of -ungrateful ' 


ReAationson theAurhor 3 _and after eighteen months conſideration or - 


reviewhng the Copy,whith'ſome are apt to believe might beendone in 
leſs than eighteen days, to much better purpoſe 3 though he intimates. 
chathe had'\atlded the-Dotivine of Spberics! Triangles, ( if his own ) 
jr's'invivible to all\men but himſelf ;_forall the twenty cight Cales, I 
"find them raken'out of Mr. Gilibran#s Trigonometry, wherein he gives 
ws bac 4woExatnplds, What's added in. Hfixonamy, I as yet know not 3 
forhaving none -of che Boaks by me of that Edition, T cannot examine 
znok- irwith-the-laſt.: - yer for the ling, the little that a 
»pracs of n,' ſexrts do-be Mr.1Fofers; pub my pence eli | 
firſt Book df Geomttry, ' and.hat lictle he hath «added of Surveying in 
he fifth:Book, is wholly caken-out of Mr. Leybourn's Compleat Surveyor. 
The'Gmnnery-and Fireworks, fx0m lags and -Mr. Nye's Books 
'6n char ſubjet; mpeg ae, Fr 1.time'to oooy _ CorrcQor. 
xhroughout, he might ſpared. his Refletion on Mr. Sturmy, and 
beftowed chem apon hisPay-maſters. -How.mean, and unlike an Artilt, 
futh'praQtices uzeF/Ahe- rw 3s thendead, I leave to any man-of 
Kenvetojudpe.. What he id concerning the. managing of a Ship 
in alt!Woathers, 'is Captain: Su/reuftu!*s, printed above forty years lince, 
ivrhts Navigator. 


BeforeT come to the large Tables: that-arc calculated to cvery-degree 
ofthe 'Compals, | kave thought: good: here to: inſert a (mall Travers- 
Table, with its' Uſe, which-is very exaQt and-fpcedy> and I call it, 4 
Fable of -Notthing and Somtbing, '( never in print bcture, as T'know. of. ) 
Bur futther Utes of the large Tables, ſhall follow-after them. | 
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CHAP. XL 
A Table of Northing amd Sonthing, 'Eaſting and We- 
ſting, # ever Pouit, half Point, and quarter Pome 
.of the'Compals : With its Uſe. 
His Table is .and-performs the work of the lar 
T __ CP oft Compaſs. The m———— b 


bh. | 
The 


Is 4< 


| 
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The Table of Nothing and Southing, @&c. 


O| Eat, | Weſts [momnee| Welt. | Eat [van 
Il EYES, | 
+: Quaztcrs. of. Points 4 2 Quarters of Paints 
O 3 : 
1] NbyE” [RP W by S | 
SbyE [ SbyW| We byN 
6 nag HE | 
[4 rters of Points a | © Quan of Point 
EM 3 
Lu NNE TNNV lg t [I WSWT ENE 
 SSEISSW 17 WNW ESE 
_” | » th | | 
Quarters of Points C Quanersof Points 
3 N - 
iN E by NIN W by W by W NE by E 
Us E by 91S W by W by WI'S E by E 
SOT Miki RA Bodied thre 
rtcrs of Pointed dare of Points 
3 
wv NE [Nw "Nw -S W*-1""NE- 
SE S W /] NW 


Whatſoever your diſtance ren is ( whether you take it in miles or 
leagues) multiply it by the numbers which ſtand againſ the Point of 
the Compaſs you fail upon in the Tables, caſting away as many figures 
of the produdt to the right hand, as you took out of the Table, name- 

£, and the nalacels ſong) difference of Latitude , the 0+ 

is the Miridian diftancey the figures cut off a thouſand parts 
of a mile or league in each, But to know which is ds of Lati- 
*9de and which departwre, conſder whether your e be nearer the 
Meridian of Norab and Soxyh, or the Parallel of Exft and Weſt; if 
nearer to the North os Sauth, your difference of Latitude is the greateſt 
number; but if neareſt to the Eft or Weſt, your Meridian diftance is 
tha greateſt, (and this your own reaſon mult give you.) - Queſt. 


-— 
Se om 


a.» 


Admit I ſu from a Head Land, and ſail South Weſt by Welt 70 miler, 
F demand my difference of Latitude, and departure- frow my Meri- 
dian.. | 


Look for 5 points, or three, in the Table, and find againſt it in the 
two, middle Columes ' 831 and 556 I multiply theſe two 


numbers by 70, mM 70 
The Diſtance rn ,7 ' =” 
- and they produce e 58, 170138, 920 


- 1 conclude then that my departure from the Meridian is 58 5% 
miles; that is, 58 miles, and 17 hundred s of a mile. And my 
difference of Latitude is 38 $333 miles, or 38 miles, and 92 hundred 
parts of a nga _ is near (39 iniles, And the reaſon why my de- 
parture is eateſt, [15, becauſe m ſe is moxe Wiſtenty than Sour 
#berly, gloom panned any other, Pf $7 

Queſt. 2- BE: 
Hamit I ſail North; tbree rs of a polelt Eaſterly,$ 1 miles; demand 

, my difference of Latitude and de ww Pa 6 Meridian. 


| | 
A Gainſt three quarters of one Point of the Compaſs, 1 look and 


find theſe numbers 140 and 989 
'8x ' 81 
AI RIGS Be IN "on "14> : ——_— nw Ke 
1120 {== "_— 
11340 80,109 


I conſider here, my Courſe is nearer to the North than to the Eff; 
therefyre my difference of Latitude js $© 514% or 52 miles3_ that is, 8© | 
miles, and one'tenth part of 'a" mile, - And my Meridian diftance iv ' 
I1';%% or 5} miles; or-r1 miles, and 34 hundred parts of a mile. j 

And let this ſuffice for the Ufe of this little table. But before I come 
to thew the Ules of the following large Tables, 1 will firſt ſhew yon 
hew the ſame Tables are made 5. which 


take briefly as followeth, 
Fe: x3 44 CHAP. , 


A 


— C—<——_ 
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CHAP. XII. 
The Conſtru&ion of the Table of difference of Lati- 
tude and Departure. 


Uppolſe that I ſet fail from a Port upon a Courſe 58 degrees 
from the Meridian, and fail thereon 5 miles 3 IT would know 
then how much | have altered my Latitude, and how much I 


have departed from the Meridien 1 ſet from. 
The Proportion is, 
I. For the Departure. 
As the Radins, or Sine of go degrees IO. 00000 
Is to the Logarithm of the diſtance run, 85 miles I. 92942 
So is the Sine of the Courle from the Meridian 58 deg. 9. cokes 
To the Logazithm of 72. 1 miles the departure 21. 85784 
| 2, For the differences of Latitude. 
As the Radins, 90 degrees IO. 00000 
Is to the Logarithm of the diſtance run 85 miles I. 92942 
$o is the Sine Complement of the Courſe from the ny TAR 
dian 32 degres He 7248 


To the Logarithm of 45 miles, the difference of Latitude x1. 65363 


And if you look into the following Table, under 58 degrees, and 
inſt g5 miles, you (hall find this number 45. © miles for the difference 


Latitude. 
And (in the ſame page andline) under 32 degrees, and againſt 30, 

you ſhall find this number 72. x miles for your departwre. 
- And in this manner may you find any other numbers inthe Table 


followi 
wing. = 


as © Propoſitions of Sailing, bY 
Aud becauſe the Titles at the head of the Table are by degrees frorf”- 
T to 45, and returned back again by their Complements 


I have here inſerted this Table 3 whereby, {if your Courſe be given you Taq 


in Points, or Points and quarters of. Points of the Compaſs) you may rea- 
dily know what degree in the hcad of the Table you muſt take inſtead 
thereof. 


Example. 


Suppoſe your Courſe (given were $'by E a qrearter of a Point Eh, | 
2gaibic 


Look in this little Tabte for this Point, and quarter , 

you (hall find 14 deg. 4 min. fo that infitad'of: S by E z quazter-of a 
Point Eaſterly, you muſt make uſe of 14. deg. in the Table, which is 
the neareſt number of degrees thereunto:: Allo inſtead of N E by E 
half a Point Eafierly, you muſt take 62 degrees, it being the neareſt in 
the Table to 61 deg. 52 min. which. ſtands againſt NE by E half a 
Point Eaſt, &c. 


. 
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A Table ſhewing the number of Degrees and Minates, that each 
Point and quarter of a Point of the Compaſs makes with the 


Meridian. 

| | North, South. |eg. nin. douth, North. Le 
EF S:: P 
S | 5 38 2. 
F 26 ? 

i] NbyE | SbyE fix 15] Sbyw | NbyW [rt 

h 

we | 
= NN WAL | 
3] NE N W by NÞ_ 
4 NW | 

Fuzws NW by Wis. 
6] WNW [4 
7 WhyN | 
' Welt. Y$ 


if : | \ P 

= 
[" 

_ K | 


TABLE 


Shewing the Differe 


Latitude # Departure - 


FROM THE 


MERIDIAN. 


| — 


t deg. 89 


© 1 degr.| 8g S & 1 . 
>| degr. | | degr. I | 
& Lawude and 5 [Lativude and 5 Taticude and 
<1] Departure. © | Devartur:, *| Departure. | 
1] 1.0] © 35] 35-0 6 69) 69.0| 1.2 
2 2,0] © 36] 36.0] 7 70] 70.0| 1.2F 
3] 3-O0|' © 371 27-0] 7 71 71.0| I. 3 
4| 40] 1 £|38:0] 7 72] 72.0| 1.3 
5s| 5-0 | 39-0] 7 73) 73-9] 1-3 
6] 6.0 I 40.0| 7 74; 74-0] 1.3 
T 9:0| 2 41.0] 7 75] 75-O| 1.3] 
8] 8.0] 1 42.0] 7 70-76 07-3-1 
9] -B-Of. 3 43-0| $8 77] 77-9] 1-4 
1o| 10,0] 2 44} 44+ © | $ 78] 78,0] 1.4] 
tx] 11.0] 2 F5-0 * . 79] 79.0| 1.4 
12][12.0f 2 46,0] 8 80] $0.0] 1.4 
13] 13-0] . 2 47.0] 8 81] $1.0] 1.4 
141 14.0} 2 8148.0] 9 82] 82.0] 1.4 
15] 15-0f 3; 49.0] 9 83] 83.0{ 1.5] 
1616. 3. 50.0 9 84] 84-0] 1.5f 
15} 17.þj 3, 5l.o} 9 85|- 85:0] 1.5 
12} 18,0} 3 52.0| 9 86] 86,0] 1.5 
Is 19.0] 3 53-0] 9 87] $7.0] 1.5 
2c} 20,0] 4 54-0 |1.0 88] 88,0] 1.5 
24| 21.0] 4 55.0| 1.0: Bo] 89.0] 1.6 
22122.0} 4 56.0 |1.0 90] g90cof 1.6 
23] 23-0] 4| $7.0 [1.0 91]'91.0| 1.6 
241[24.0] 4 58,0|1.0 92] $2,0] 1.6 
250 25.0 4 5$$.0]1,0 93] 93-O| 1.6} 
26}26, 0] 5 60.0|1,1 94] $4-C| 1.7 
27127, 5 61,0|[1.1 95] 95.©] 1.7 
a8} 28. © 51 '62,0 tap 96] $6.0] 1.7 
29029, 6] 5 163;0[1.1 97] 9740 | 1+7 
3<[ 30.0] 5 '64.0]1.1 | 9d 98, 0 | 1.7 
31} 31.O 5 65,0| 1.2 99} 994C| 1.7 
32}32.Cch 6 66,0|1.2 looh100.0| 1.t 
331 33-03 6 67,0]1.2 200]200, © | 3, 
341 34.0 6]. 68. 011: 2 300 200/0145.6 


80 A Table for difference of Latitude 
| = - \ | 
12 depr.| 88 Q'2 88 de 
deg rod - ar) 
| titude and : Latitude and 
* | Departure, |. Departure. 
1]T.ol of 69] 69.0| 2.4 
38|-2.0| 2 70] 70.0| 2.4 
3} 3-0} 1 74] 71.0] 2.5 
4| 4©Of- 1 72] 72.0] 2.< 
5] 5350] 2 T3} 73-0] 2+5 
6] 60] 2 -74, 74-0] 2.6 
9] 7.0]. 2 | 75] 75-0] 2.6 
8] Yo 3 76] 76,0] 2.6] 
9]. %0{ 3 ; 77| 77-0] 2.71 
19% 0|-3 DI _78| 78.0 | 2.7] 
aj 11,0 4" 1, &} 79] 79-0| 2,8 
Baſi2,0f 4 1.6 | Bo] $0.0] 2, $þ 
£3113,0]. 4 1.6} $81] 80.9| 2,5þ 
$41 144 © 5 | I.7} 82, $1.9] 2.5 
tus 15,0. 5| 4$9149-0 [1.7 83] 82.9] 2.9] 
[16.0], 6] 50/50. |1.7} 841 $3.9] 2-5 
I#[17,o0f- «| $i\/51.0[1,8 851 84-p] 3-of. 
i$,of, 6 $2|52.a| 1.8 | 86] 85.9] 3.c] 
n[.49 0 W - > 53]'53-0[1,8] 87] 86.9] 3.0 
xc[20.0]. 7| 54:54: ©] 1-9 | _88) 87.9] 3- 
3:70 1 £ 551 $5+© [1.9]: | V9] 88.9 | 3+ 
l2p|22,0|- 8 56:56. 0] .1.9| 90] 89. p] 3+ 
23] 23.0]. | $7] 57-0 [2-0] 911 9$0.Þ} 3» 
24] 24,0] B8[; 581'58.0]2.0]' 92] 91.9] 3» 
251 25.0] 9], 39] 59-0 | 2.0], 93] 9%9| 3» 
26126, 01 of 60] 60.0 | 2.1 94] 93.9] 3» 
20127.01]. 9}. 61164,01|2.1} 95] 9+Pp : Zo 
2 128.0 4+ 0 62]162,0]2.2.| 96] 95.Þ] 3» 
2þ1| 28. 0] 1. off- 63]63. 0] 2.2 97] .$6-Þ| 3» 
39] 30.0 [8-0 54| 64.0 2.2 | | 98] 97.91 _3+4 
3al 31.0 fi. 1! 65] 65-02. 3] 99] 98.9] 3. 
32132,011.1 $6]66.p|2..3]; _ 99:Þ| 3+ 
Td 0 Rs A $454 54 
2434.0 "Ry | HR? 68] «ON 2- 41} ; 300Þ2 9.Y 110-5 


AQ ww 


tk... i 


_— 


and ' Meridian-diftance. 51 
1Sh3 ae &7 # depr.\ 87 S| e674 
=; depr. | degr. Fi l 
| > [Latitudeand 3 [Latitude and] | [0 Latitude and 
” | Departure, **| Departure. 1 | Departure, [ 
if $.Of-- 2 g bs] 68. 9 3. 
$}.209--3 I.9; 7 6p.9] 3+ 
i 3] 3-Of 1 (1.9 if 70.9] 3- 
4 4.0] re 2.0} 72] 74.9] 3. 

5/ 5$.© - 2.0 7 72.9] 3« 
6] 6.0 3; 2.1 My 73-91] 3-9 
7| 7-08 +# 2.1 75] 749] 39 
8] $8.o] 4 2.2 76] 79-9] 4-0 
9| 9-0] 3 2.2 77] 79-9] 4.0 
toſ10.0] 5 2-3] * 78] 77-9] 4-1 
ri]1r.0] 6 2.3 : 78.9] 4.1 
i2[12.0] 6 2.4 80f 79.9] 4.2 
13] 13.0] 7 2.4 81} $0.9] 4.2 
141 14.0] 7 2.5 82] $1.9] 4.3 
15|15.0] 8 2.6 33] $2.9] 4.3 
16116,0] 8 2,6 84 544 4. 41 
17117.0 9; 2.7 55] 84.9] 44 
i8[18.0] 9 2.7 $6] $5.9] 4.5 
Io} 19.0|[ 1.0, 2.8 87} 86.9] 4.5' 
20] 20.0|1.0 2.8 | Bs] 87.9] 4.6; 
21|21,011.1 2.9 89] 88.9] 4.6- 
22]22.0|1.1 2.9. go] 89.91] 4.74 
23123.0|1.2 3-0 91] 90.9] 4.8] 
24124.0|[1.2 3-0 92 91.9] 4.8: 
25125-01.3 3-1 93] 92-94] 4-9], 
26] 26.0 I. 3; Je. 94} 93-9] 4:91 
27] 27-01. 4 Jo® 1 95] 94-9] 5-0j 
2% 28, © I.9 3-2] 96 95:9 $5.0 | 
291 39.011:5 3*3 97] 96-9} 5-17] 
30130. 041.6 3:3 £8] 97-9] 5-1} 
31] 31.0 1.6 -9] 3-4 99| 98.9 $2 
32] 32.0[1.7 +9] 3-5 too] 99.9] 5.2 
33] 33-9[1-7 9] 3+5 zoctt99. 7110.5 
34) 34-011.9 $13.6 z30cl2-9.61,5.7 
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| S{4 egy | 5 | &\+ degr. on A deg 
Vn wes. > |Carirade anc '$ OOEEEND 
, : Dep L F rtore, 
Mien 35 TID 69] 6d. 51 4.8 
I] 2 ol *\ 3935.9 2.5 7c| 69.8] 4.5 
4 ws 2 37136-9[2.6 | 71] 70.8] 4.9 
3 0: 3 3937-9 2.7 72] 74.8] 5.0 
5 4 Þ 391 38.9] 2.7 3] 72.8] 5.1 
5 4-012 74] 73-8] 5-2 
1.6] 6.C| 4 40] 39-9| 2.8 ” . 
1 3.of 5 41140.9|2.9 75] 748] 5.2 
a 8.o| 4 42[41.9|2.9 76] 75-8] 5-3 | 
60-6 43]42.9| 3-0 77] 76-8] 5.40 |! 
bh 1 7 44} 43-9 | 3-1 7s 77:8] 5:5 : 
on———_ 45144. 9|3.1 7s| 78.81 5.5 
tſ11.0] » + $44 3 75 x11 £47 
2 jnbagel Wo 47 pH 3-3 81 bog 5. 7 
«. 14.464 Bos 4s 47.9 2-4 82] $1.8] 5.7 
14.0|1.0  b- 4 þ484 $31 82.8125 
= wp 539 49-9 13-5 84 83.8. 5.9 
494 $p- 5if50.9|3.6 85] 84.8]. 5.9 
17.0|1.2 + Ly $4] $5.8] &.0 
arg oy 5352.9 3-7 $7þ $86.8] 6.1 
«ct perks 54 52-913.8 v8] 87.8] 6.1 
= by Holz |[Oſw3[s3 
> þ4 pep- 3.9 got 89.8] 6.3 
20010-5 4. © 91} $0.8] 6.4 
22,911.6, 494 [ 9201.99.81 6.5 
230911-7 4.1 93] 92.8] 6.5. 
4 bh jay” 4..2 94] 93.8 6.6) 
P19 feG | 4-3 95] 94.8] 6.6 
} bigs | 4-3*|) 96} 95.84 6.7 | 
Ny | 4.4 97k 96.5% .6.9 J 
p] 14-5 L3h.97-8] 6.3 | 
"2 4.5 95} 98. b| 6.9 6 
| 4.6 toch 99. bf 7.0 
: | 4.7 20CI1 99» 54-0 
+ þ | 4.8 | z0c[299. 3120.9 
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and Meridian-diftance. 55 
O B17 degre| 83 T [7 degr.(83 dr 
> I 7 deer. Ss | ( 
þ ot [a titude and 5 |.autude ano 
F jy Devarture. Ws N: parturc. 
3]. 1,01 7 35] 34-7 |.4-3 69] 68.5] 8.4 
a] 2:0] 2| 3] 35-7 [4-4 7c| 69.5] 8.5 
3]. 3<9] +] 371.397 Þ+5 71] 70.5] 8.7 
4] 440] 5 3 37-7 [4-5 72] 71.5] 5.8 
5] 5-0] &þ 3938.7 [4-5 73] 72+5] $.9|, 
6], 6.0] 7} 40] 39.7 14-9 '74] 73-4] 9.0 
7]. 6.9] $ 41140.7 [5.0 75] 74-4] 9.2 
8] 7.9] 1-Oþ. 42141.7 15-1 76] 75.4] 9.3] 
9], 8.9 [1-1] 43] 42.7 [5-2 77] 76.4] 9.4l. 
ro, 99172 +4143-7]5:4 78 77.4| 9:5 
rio. 9[1.3Þ 45144 7 15+5 79] 78.4] 9.6]. 
12[11.9]1.5]. 461 45-6 [5.6 $c] 79.4| 9.8 
2[12.9|1.6 47146. 615.7] 81] 80.4] 9.9 
1.7 48147.615.9 82] 81.4|10.0| 
1.8] 49148,.61]6,0 83] $2.4 |10.1 
2,0]: $0[49.6]6.,1 841]. $83.4 [10.3 
2,1] 51[50.616.2 85| $4.4 [10.4] 
2,2 $2|51.6 6. 3: . 86] $5.4 |10. 5 
2.3] $3152.516,5 $7] 86.3ſ10.6 
2.4 54153-616.6 88] $7.3110.7 
2.6 | $51 54.616.7|- 89] $8.3|[10. 9 
2.7 $6155.616.8 go} $9.3|11.0 
2.8| $7156. 6[6.9 91] 90.3[11.1 
2.9]. 58] 57.6 7.1 92| 91, 3|I.2 
44 59158.6[7.2 93|: 92.311. 3 
3-2] 60[59.6[7.3|- 94] 93+ 3[11+5f. 
3-3h 61]60, 5|7. 4 95] 94.3 [11.6] 
3-4]. 62161.5]7.6] 96] 95.3|[11.7 
3-50 63]/62.51]7.7 97] 96.3111.8]” 
3-7 |. 64/63.517-8| $8] 97. 312.0 
3.8] 651 64.517.9 99] 98.3|[12.1 
3-9| 66|65.51[8.1 toc| 09. 3112.2]. 
4.0 67166. 518.2 2oc|198.5 [24.4] 
4.1 68167.5}8.3] 1300j297. 8 [26.6 
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T des 32 | S\8 depr.| 82 S\s dps dog. 
- dour, > degr. F 
£ [Laticudc ai.c - de Latitude ana]: 
* | [).parturc, £ Departurc, Deparruie. 
1] 1.0 1; 35] 3++7|+9 6g 65,34 9-8] 
| 2.0f 3 36] 35-7 15-0 of 69.3] 5.7 
| & ed Bk. 371366 |5-1 70-3] $+$ 
al 4.01 6 321 37.615+3 72] 71. 3]10.c 
| $0] -7 35| 38.615. 4 73] 72-3110. 2 
6] 5.s! %Y 4c\| 39.6 15.6 73+ 310+ 3 
-| 6.9} 1.0' 40, 6 | 5% 751 74+ 310. 4 
& 7.9]1.1 41.61]5.8 75+. 3410.6 
c| 8.9]1.3 42,616.0 77) 76.3410.7 
get 9-9] 1e4 43-61]6.1 77.2 
IN} 10.9] 1.5 44-6 [6.3 79] 78.2(11.C 
12] 11.9] 1.7 45-616. 4 80} 79.2|t1.1 
|: 12.9] 1,5 46.516.5 81] $0.2]11, 3 
14 15.8}1.9 47+. 5 16.7 82] $1.21. 4 
15}14.8[2,1 48.5 16.8 83] $2.2[t1.5 
15.8|2,2 49+5 [7.0 84] $3. 2411.7 
16.8]2. 4 50. 517.1 5| $4.2|1x. 8] 
17.8]2.5 $I.5 [7.27 86] $5.2[12.0 
18.8} 2, 6 $2. 5117. 4 87] $6,2]12, 1] 
19.5[2.5 53-5 17.5 KL 87.2 [12.2 
20.8]2.9 54-5177 89] 88.1112. 4] , 
21.8|3.1 $5-517-8 gol B89. 1 [12.'5|- 
23[22.8|3.2 56.517.9 g1] 'g90. 1112.7] 
24123-$]3.3 57-4 [8.1 92| 91.1|12,8] 
251247 13-5 58.4 |8. 2 93] 92-1]12.5 
261 25.7 | 3.6 $9. 418.3 94] 93-1113.1 
27126.7|3.d 60. 418.5 95] 94.1113. 2: 
28| 27.7135 61.4]8.6 96] 95-1113.4 
261 28.7 [4.0 1 62.4]8.% 97] 96.'1113.5 
20] 29.7 | 4. 2 63.4|8.9 | 97.0113. 6 
i ing Frox. all ox ing wc Sn es Som, 
3130.7 [4-3 | 54-4 |5-© 99] 98.0113.8 
32/317 [4-4 65.4|9.2 1co] 99.0112. 5 
3132.5 [4-© 66.4 [9-3 200 198.1[27.t 
AFITY FC, 1 67.3]9.5 2001207. 1141.7 
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op der 82 del 
Y 
R Catitade and 
* | Departure, 
69 ws 
70 69, 1 [10.5 
71 [I, i 
72 [1,2 
73 Ll. 4 
74 11,6 
75 1.7 

76 Il.5S 
77 12,0 
22 —c. 
79 12, 
80 iy 
$1 I2,.7 
= 12.8 
3 I3.C 
84 13.27 
85 13.3 
86 13.4 
87 03.6] 
_8$ 13.5 
89 13.9 
90 I4,1 | 
91 I4.2 
92 I4. 4 
93 I'4. 5 
94, I4e7 
95 14. $ 
96 8115. 0 
97 15.2 
LL91 96-Blu3 3 
v9 «© |15, p] 
loc} 98.8 [15.6 
2CC[197. 5 [31+ 3] 
3CC1256, 3 [46. 5 
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A Table for differente of 


Latitude 
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lc Ger "R Þ Shs dards do 

. deer, = | 

0 Caticudc ai.C Q : Latitude and}. 

. [). parturc. fl Deparruit. | 

| Baked 53 3+71+9 00,3! 9. 6]. 

2] 2.0 3 36] 35+7 15+0 69.3] $+7 

3| 3-9] +4 37136-6151 70-3] $+5 

al 4.01 6 32] 37.6 15+3 | 71.3010.C 

5 $0] 7 25138. 61544 | 72. 3110-2 

6] $5.9! SG 4c| 39. 615. 6 73.3410» 3 

- 6.9) 1.0) 41] 40.6 |5+7 74+ 310. 4 | 
& 7.91.1 42] 41.6158 75. 3410.6 | 
| 8.9] 1-3 43]142.616.0 76.3410. 7 
1_9:9] 1:4 14 43: $6.1 27-2 
11} 10.9] 1.5 45] 44-6 |6. 3 78. 2\11.C | 
12] 11.9] 1.7 46] 45-61]6.4 79.2|01.1 

151 12.9 I,S 471 46-5 16.5 80.2111. 3 | 
(14 15.S}1.9 4b 47+ 5 [6.7 $1.2111. 4 

15} 14.8[2,1 c\48.516.8 $2,2111.5 
16\115.8|2.2 5c| 49.5 17.0 84] $3. 2411.7 
17116. 8]2.4 $1] SO. 517-1 | 85 $4.21. 8] 
iS{17.8]2.5 52151.5 [7.2 $6] $5.2112.0 
icsh18.$]2.6 531 52. 517-4 $7] $6.2 [12.1] |} 
2c|19.v]2.d 541 53-5 17-5 _vy 87,2112. 2 

211 20.5] 2.9 $51 54+547+7 89] 88.1112. 4], 
2221.8] 3.1 56] 55-5 17-8 gol Bg. 1 [12.5ſ-. 
22[22.5]3.2 571 56.517.9 g1] '90. 1112.7] 
24125o$|3+3 52] 57-4|8.1 92] 91.1]12, 8 ' 
25124. 713-5 h5s| 58. 4 |. 2 93] 92-1]12.S 

26; 25.7 | 3+ 6 J6c| 59. 4 ]8.3 94] 93-1113. 1 
27126.7 |3-d 461] 60.418. 5 95] 94-1113.2 

28| 27.7 13-5 52] 61.4|8.6 96] 95-1113. 4 

261 28.7 [4.0 5,01 62.4|8.8 97] 96.'1113.5 
30287142 54] 3:4 [2:9 281 92: 0113-6 
3330-7 4-3 63} 64.4 |5.© 99] 98.0[13.8 
32\31.7|4-4 6c} 65.4 |9.2 1col 99.0113. 5 
3132-7 4. © 65 66,4 943 | 00 198.1 27.t 
$123: © 14-7 331 67.5 *1 200 207.1141.7 
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and Meridian-diſtance. 5.7 
| ad Fo 
& | 81 Slog depr.| 81 Sg depr.\82 de. 
fo deg. > , degr. I , | 
3 [Latitude and 5 [Laricude and 9 \Latitude and 
” | Departure, © | Departure, - Departure. 
"bj JoOf. 2: 35] 34-51 5-5 69" 68.2 j10.5 
2] 2.0] 3 36] 35.6 | 5.6 70! 69,110.59 
3] 3-0] 5 371 36.6 | 5.6 71; 70. | 
4] 4.0] 6 38] 37.5] 5-9 72) 71, . 2 
'$5] 4-9] $ 39] 38.5 | 61 73| 72.1 [11.4 
6| 5-9] 9 40] 39-5 | 6-3 74| 73-1]11.6 
7] 6.9|1.,1 41] 40.5 | 6.4 751 74» +7 
8| 7+9|1.3 42] 41.5 | 6.6| 76| 75. 
9| 8.9[1.4 43] 4245 | 647 77] 76-1 
Io] 9.9|1.6 44\ 43+ 5 |_$+9 78 77.0 
11] 10.9 [1.7 451 44+-5{ 7.© | 79] 78.0 
12] 11.9[1.9 46] 45.4 | 7.2 80] 79. 
13112.9|2.0 471 46.4 | 7+ 3 61] 80, 
14] 13.8] 2.2 4% 47.4 | 7+5 $82] V1. 
15] 14.8] 2.3 49| 48.4 | 7-7 83] 82. 
16] 15.8] 2.5 50] 49.4 | 7. © 84] $3.0 
171 16.8] 2.6 51] 50.4 | 8.0 85] 84. 
1d} 17.8] 2.8 52|51.4| 8.1 86] $5.0 
is} 18.8] 3.0 53] 52.4| 8.3 87] 85.9 
2c| '9.8] 3.1 541 53-4] 8.4 88] 86.9 
21] 20.8] 3.3 551 54-3] 8-6] 89] 57.9 
22] 21,7] 3.4 56|55.3| 8.8 90} 88.9 
23} 22.7] 3+ 6 $71 56.3 | 8s 91] 89.9 
241 23.71} 3-7 58157.3] 9-1 92] 90; 
251 24-713-9 59| 58.3 | 9.2 93] 91. 
26] 25. 714-1 90] 59+3| 9+ 4 94] $2.9 
271 26, 7 | 4. 2 161] 60.3] 9.5 95] 93.8 
128] 27.7 [| 4-4} 62] 61,2] 9.7 96] 94.8 
g] 28.7 [4.5 63] 62,2| 9.5 97] 95.8 
of 29.61 4.7 64| 63.2 pO. C | 98] $6, 
31] 30.6 4.8 65] 64. 2|1C. 2 $9] 97-8 
+61] 5.0 66] 65.2 . 
5.1? 67] 66,2 
$.31 ! 68] 67.2 


58 A Table for difference of Latitnde 
Shode, 80 T|10deg.| 80 S110 deg.|80 del 
| ji<gr. 5 degr, > 
2 Latitudcand J Latitude anc £ Latitude and 
” Departure. 36s Departure. : Departure. 
1 1.0] 2 351 34-5 | G1 65| 68.0112, 0 
2| 2.0] 3 361 35-5 6.2| 70] 68.9]12.1 
3] 3-C| 5 37136-5] 6.4 71] 69.9[12, 3 
al 3-9] 7 3837.4] 6.6 72] 70.9 12.5] 
5| 4.9] 9 35|38.4| 6.8 | 73] 71-9112+7 
' 6] 5.901.0 40 39-4| 6.9 | 74] 72.9112.8' 
7| 6.911.2 411 40.4! 7.1 75] 73- 9113.0 
8! 7.9114 42141.4| 7.3 76] 74-9]13-2 
o| $.9]1.6 43] 42.4 | 7.5 771 75-$113+3 
10] 9.9] 1.7 4443-3] 7-6 281.75: 8113-5 
11]10.8| 1.9 45] 44-3| 7-8} 7s| 77+$113.7] 
12[11.8] 2.1 46] 45.3] 8.0f 8o| 78.8 [13.9] 
13[12.8]2.3 47]146.3| 8.1 $1] 79. $114. 1 
r4h13.8|2.4 48147.3f 8.3 82] 80.814. 2 
15} 14.8|2.6} 49|48.3} 8.5 $3} $1.7 [14.4 
16]15.8|2.8 50 49.2| 8,7 $4] $2.7]14.6 
17116.3] 3.0 51]50.2| 8,8 $5} $3.7114.8 
18}17.7]3.1 52) 51-2 9.OT $6] 84.7 14:9 
190 18. 713.3 $3] 52-2 9.2þ 87] 85.7115. 
201 19.71 3.5 541 53-2 9-4 88] 86.7 [15.3 
21120.7|3.6| 551 54-2 95 V9] 87.6115. 4 
22121.7|3.8} 56| 55-2 | 9-7 | 9of. 88.6 115,6 
123122.7|4.0 7156-1] 9.9 91] 89.6 115.8 
l24}23.6|4.2 58] 57-1 10. 1 92] 90.6 116,0 
25|24.6|4.3 59| 58.1 [10.2 934} 91.6116.1 
26|25.6|4.5] 6of 59-1 110. 4 94] 92.6116, 3 
a 26.614.7| 61160.1 10.6 951] 93.6 116.5 
2v127.614 9 62]61.110.8 96] 94.6 116.7 
25128.6|5.0] 63162.0 [16.9 97] 95.5116.8 
z0|29.6 |5.2 64163.0}11.1 98 96.5J117.0 
31130.515.4| 65164.0]11.3|þ 99} 97-5172 
[32131.5]5-5 66165.0|11.5} roch 98.5117. 4 
33132-5|5-7 67166.0j11.6] 20CII97+ © [34+ 7 
34) 33-515.'9| 680 67.0111,8 30c[295.4 152.9 
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Go A Table for difference of Latinde 

S124 78 1 4s 78 | eh a7 
Fl __Idegr. [HW WARE OE 
5 Latitudeand 3 Latitude and Latitude and 
* | Departure, © | Departure. _* | Departure. 
1] 1.0] 2 35] 34-2] 7.3 69] 67.5[14-4 
»2] 2.0 4 361 35.2 7.5 7C 68. 5 [14.6 
3] 2-9] 6 37136-2| 7.7 71] 69.4 114.8 
'4| 3-9] 8 38}37.2| 7.9 72] 70.4115.0]. 
5| 4-9] 1.0 39|38.1| 8.1 73] 71.4 [15.2 
6] 5.9] 1.2 40] 39.1] 8.3 74] 72.4115. 4 
7| 6.8} 1.5 41140.1| 8.5 751 73-4115. 6 
8| 7.8]1.7 42[/41.1T| 8.7 76] 74.31]15.8 
o| 8.8] 1.9 43142.,0| 9.0 77] 75-3116.0 
10] 9.8[2.1 4443-0 | 9.2 78] 76. 3116.2 
11]10.8] 2.3 45] 44.0| 9.4 75] 77+3116.4 
12]11.7]2.5 46145.0] 9.6 8c| 78. 3 [16,6 
13]12.7|2.7 47] 46.0] 9.8 81] 79. 2116.8] 
14|13.7|2.9 43] 47.0|10.0 82] 80.2117,0 
15[14.713.1 49] 47. 9|to. 2 83] 81.2117, 3 
16]15.6[3.3 50 48.9 |10. 4 84] $82.2[17.5 
17116.6|3.6 51]49.9110.6 85] 83.1117.7 
i1$]17.6]3.8 52] 50.9|10.8 $6] 84.1117. 9 
19] 18.6|4.0 53]151.8]11.0 7] 85.1118. 1 
20] 19.6 | 4.3 54152.810.2 85] 86.1118. 3 
211 20.5144 55153-8114. 4 85] $7. 1118.5 
22]21.51|4:6 56[54.8|11.6 gc 88.01|18,7 
25122.5|4.$ $7155-8[r1.8 91] 89.0|18. 9 
24123.515.0 55156.7 [12,1 92] 90.0 19.1 
25124.5|5.2 991 57-7 |12+3 93] 91.019. 3 
26125.4|5. 4 60] 58.7 [12.5 94] 92.0[19.5 
27126.4|5.6 61]'59.7 112.7 95] 92.9 [19.7 
25127.4|5.8 621.60. 7 (2.9 96] 93.9 [20.0 
25128.4|6.0 63]61.6[13.1 97] 94-9120. 2 
z3c|29.316.2 6462.6 [13.3 _98] 95.920. 4 
31] 30. 36.4 65163.6|13.5 99] 96.8120.6 
32|-31.3|6.6 66]164.6113.7 too] 97.8[20,8 
331 32-316:9 $7165.5114-0 20CI199.6 [41,6 
341 33-3.17-1 58] 66.5 [14-2 1390]293-4 162. 4 


"I 


ond Meridian-diftance. 61 
'& 7" 77 | Sjrz deg.\77 de. 
"1 depy, an 
; Latitude and 2 Latitude and 
* | Departure, _* | Departure, 
I 35] 34-1] 7-9 69] 67.2[15.5 
2 36] 35.1] 8.1 70] 68, 2[1547 
3 37136.1] 8.3 71] 69.2 4 
4 35}37.0] $.6 72] 70,2116, 2 
5 39] 38.0] 8.8 73] 71.1116, 4 
6 40] 39.0] 9.0 74] 72.1116, 6 
7 41140,0f 9.2 75] 73-1116. 9 
8 4$2]40.9 |] 9.4 76] 74.1117. 1 
9 43]41.9] 9+7 77] 75+ 0117+ 3 
10 44j42.9] 9:9] _781_76.0117-5 
T1107 [2.5 45] 43+ 5 [10,1 79] 77. 0117. 8 
12[11,7 [2.7 46] 44. 8 [10.3 8] 78.01[18.© 
13112.712.9 471 45. $110. 6 B1] 78.9118. 2 
14]13.6]3.1 43 46, 8 [10,5 82] 79.9118. 4 
15] 14. 613.4 49147.7 [11.0 83] 80.9118. 7 
16]15.6|3.6 50[ 48.7 [11.2 84] 81,8|18,5 
17116,613.8 SI 49.7 [11.5 85| 82.8 [19.1 
1$[17.6 [4.0 52] 50.7 [11.7 86] $3.19. 3 
19118.5 [4-3 $3] 51.6|ll.9 87] 84.8 [19.6 
20119. 5 |4+5 54] 52.6|12.1 _Bs} 85.7 119. 8 
21120.514.7 55] 53. 6 [12.4 89] 86,7 |20. © 
22|21.5[4-9| 56| 54. 6112.6 90] 87.7 [20.2 | 
23]22.4[5.2 $7155. 512.5 91] $8.7 [20.5 
24123. 415-4 58|56.5 13. © 92] 89.6120. 7 
25]124-415-6 591 57+ 5 [13+ 3 93] 90.620.9 
26|25.4[5:8 60} 58, 5 (13.5 94] 91.6|21,1 
27126, 316.1 61] 59, 4113.7 95] 92.6|21.4| 
28127. 316.3 62] 60, 4 |14+ © 96] 93.5|21.6 
29128. 316.5 03] 61, 414.2 97] 94.5 |21.8 
30[29. 26.7 64; 62.4 [14+ 4 98] 95. 5122-1 
31] 30:2 [7.0 65] 63.4 14+ 6 99] 96.5122.3 
32]31.2|7.2 66] 64. 3 [14.5 too} 97.4|22.5| 
3132.2 |7. 4 7165, 3115.1 2001194. 9 [45.0 
al 33.1[7.6| 68] 66. 3115.3 jzooſ292. 3 167.5 | 


—_ ————  — — 


62 A Table for difference of Latitude 

T114deg.| 76 >|14deg.| 76 | Slt44eg. 176 de | 
> ecr. S degr. E| 

5 | atitude aro 5 [Laritude ang f [Latitude and 

” | Departure, ” | Departure, ” | Departure, 

1] 1.0] 2 -135] 34 04 8.5 69] 66.9116. 7 | 
2] 1.9 5 36] 34-9] $.7 70] 67.9116. 9 

3] 2-9] 7 37135-9] 9-of 71] 68.9117. 2 | 
| 4] 3-9|1.0 3d 36.9] 9.2 2] 69.817. 4 

5] 4-8|1.2 351 37-8] 9.4 73] 70.8117.7 

6] 5.8]1.4 +c| 38.8] 9.7 | 74] 71.8117. 9 

2 6.8|1.7 411 39.8] 9.9 75] 72.818, 

& 7.8]1.9 $21 40. 7 [10, 2 76] 73.7118. 4 

S $.7]2.2 143] 41. 7 [10, 4 771 74-7118. 7 

Ich 9-7] 2-4 +4] 42-7 [10.7 2$_75-71'8.9 | 
Ii 10.71 2.7 451 43+ 7 [10.9 79| 76.6119. 1 | 
121 11.6|2,9 46] 44. [14,1 80} 77.6 I9, 4 | 
13] 12.6]3.1 +71 45+6 [11.4 81] 78.6|[19.5 | 
14|13.6|3.4 45] 46.6 [a1, 6 82] 79.6|19.7 
15114.6[3.6 45147-5 |t1.9 83] 80. 5|20.0 | 
i6115.5[3.9 5C| 48.5 [12,1 84] $1.5 [20.2 
I7116.5]4.1 51] 49.5 [42,3 85] $2.5 [20,5 
118[17.5]4.4 52] 50. 4 [12,6 86] $3.4 [20,7 
19118. 4 [4.6 $3151.4 112.8 87] $4.4 20.9 | 
2C| 19.4 [4.8 541 52-4 j13.1 v5 85.4 [21.3 
21120. 4]5,1 55] 53-4113. 3 89| 86.421. 5 ; 
22]21.3]5.3 361 54+3 [13.6 go] 87.3 [21.8 
23122.3]5.6 57] 55+ 3 113. 8 91] $8. 3122.0 
[24 23-3|5.8 5%] 56. 3 [14. © 92] 89. 322.3 
25124.2165,0 $$] 57+2 114.3 93] $0. 2122,5 
26|25.2|6.3 oC} 58.2 [14.5 94] 91. 2[22,7 
[27 26,2[6,5 51] 59.2 ]14. 8} 95] 92.1123.0 
258\27.216.8 52] 60.1 [x5. © 96] 93-1 [23.2 

25| 28.1 7.0 930 61.115, 3 971 9$4-1123.5 

39 29-117.3 4162.1 15.5 | 98] 95.1123.7 
31[3C. 117.5 65] 63.1 [15,7 99] 96,0124. 0 
32/31.01]7.47 56] 64.0 116, © IOOf 97.0124. 2 
33132,0[8.0 7165.00(16, 2 Roo 194.148, 4 
34133.0[8. 2 68166.0116.5 [zoo)291. 1 (72. 6 


and Meridian-diftance. 63 
| 
Sl15deg.| 75 S115 deg. 75 &'15 degel75 d: 
IY degr.| 5 - degr. F') att 6 

titude and 8 [Latitude anc  |Latitude and 

6 Departure, het Neparture, 07 Departure. 
i| /1-0F 3{| 351 33+5\ 9.1 69! 66,6 |17.5 
2] 1.94 $5 36] 34.8] 9.3 70! 67.6 [18.1 
3] 2.9] 8 37 35-7 | 9.6 71] 68,6118, 4 
4] 3.9]1-O 35] 36.7 | 9.6 72) 69,6118, 6 
5] 4-$]1-3 39] 37+7 [0.1] 73] 70.5185] 
6} 5.81.6 40} 38. 6 [10, 3 74] 71.5 [19.2 
7] 6.811.8 41] 39.6 [10,6 75| 72.4 [19-4 
- 7712.1] 42] 40, 6|10,5 76| 73. 4119-7 
9) 8.712-3 43] 41-5 [11.3 77] 74: 4129-C| 
10] 9.712-6 44} 42.5 [11.4 _78| 75-4 [29-2] 
t11110.6]2.8 45] 43-5 LI. 6 79] 76,3 [20.5 
12|11.6|3.1] 45 44.4 [11.9 Bo] 77.3 [20.7 
13] 12.6] 3.4 4$7145-4 [12.3 81] 78.3 [21.© 
14} 13.51] 3-6 48] 46.4 [12.5 '| $2] 79.2 [21.2] 
15] 14-5 3-9 49147. 3 |12.8 83] 80.2 [21-5 
169 15.5] 4-1 50] 48. 3 |12.5 84] 81,1 [21-7 
170 16.4] 4.4 5I| 49. 3113-2 '| 85] $2.1 [22.© 
18] 17.4] 4.7 52|50.2[13.5 86] $3.1 22-3 
is} 18.3]4.9 53151. 2[13+«7| $7] $4.0 [22.5 
2c| 19.3] 5-2| 54) 52.2 |14. of 88] $5.0 [22. b 
211 20.3] 5.4 $51.53. 11142 89] 86,01[23-0 
22121.3] 5.7 56|54. 114.5 90} 86,9 [23« 3 
231] 22.2 6.ol $7155. 114.5 91] 87. 5 [23.6 
24|23.216.2| 581/56, 0[15.cf 92] $8. 9 [23.6 
25} 24.2 |]6.5 $9157. 0115. 3] 93 89.8124. 1 
26} 25.14 6.7 501 58.01[15.5 94] 90. 8 [24.3 
27126, 317.0 61|58, 915.0 95] 91.8 [24.6 
28} 27.1]7.3 62|59. 9116.0 96| 92,7 [24. © 
291 28,0] 7.5 63] 60, $116. ;| 97] 93+7 [25-1 
30[ 29.0[7-8 64| 61.8116, 6] 98] 94.7 [25-4 
31] 29.9]8.0 65| 62,8 16, d} 99] '95. 6 |25. 6 
32] 30.91]8.3 66] 63.817. 1 toc] 96.6 [25.c 
331 31.9 by 67] 64.7 FL7. 4} 20Cc[193. 2 |51, © 
34] 32.8 8.8| 6$] 65.7117. 6] [ocoſzB9.8 77.6 


A Table for difference of Latitude F:1 | 
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16 deg.) 74 
depr. 


Departu re, 


titude and 


wy wo 
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PT Tr 
vJ ou 4+ wo Ho 


6G deg.| 74 
de 
Latitude and 
Departure. 
1.0]. 3 
1.9 6 
2.91: ©$ 
2.8]1.1 
4.8|1.4 
5. 8| 1.7 
6.7] 1.9 
7.7 | 2.2 
8.6]2.5 
9.6]2.8 
IO, 6] 3.0 
II. $13.3 
12.5|3.6 
13+4]3+9 
| 14-4] 4-1 
15. 4] 4.4 
16. 314-7 
I7. 315-0 
18.35. 3 
I9. 215.5 
20. 215.8 
6.1 
6.3 
6,6 
6.9 
2 
5 
7 
© 
3 


34132. 7 


FRB 


99 gp 
Þ = On 


33-6] 9.7 
34-6] 9.9 


67. 

68.2 
69. 2 
70, 2 
7I.1 
72.1 
731 
74-0 
75.0 
75+9 
76.9 
77-9 
78,8 
79.8 
80.7 


82.7 


7] $3.6 


84.6 


85. 6 
86.5 
87.5 
88. 4 
89. 4 
90. 4 
91. 3 
92, 3 
93+2 


5| 94.2 


95.2 
G6.,1 


192.3 


288. 4 


81.7 


[16dxſ74 4 


> Latitude and 
| Departure. 
| 66.3 


I 9. C 
19+ 3 
: 9s 6 
19.5 
20, 1 
20, 4 
20. 7 
21.0 
21. 3 
21.5 
27.8 
22,0 
2243 
22,6 
22.9 
23.2 
23-3 
23+7 
24. © 
24+ 3 


24. 
24. 
25.1 
25 4 
25.7 
25. 
26.5 


A” O - ———— 


. y 
and Meridian-diftance. . E 6] 
| 
S117deg.| 73 S117 deg.| 73 S117 deg.\7 3 deg. 
> Jepr. = degr. = | 
5 [Latitude anc 5 Latitude and © [Latitude anc 
” | Deparcure, " Departure, | | Departure, 
If 1,01 3 351 33+ 5 __ £| 66,c| 2C.2 
2] 1.9] 6 36] 34-4 [10,5 7c| 67.$S| 20.5 
3] *.9] 9 371 35-4 j10. 8 71] 67.5| 20.7 
4} 3-8[1.2 3£[36.3|11.1 72] 68.5 eo, 
5] 4.8|1.5 351[37-3 {11.4 73] 69.E| 21.3] 
6] 5.7 [1.7 4c|38. 3111.7 74] 70.E| 21.6] 
7] 6.712.0 41139. 212.0 754] 71.7]21,9 
8] 7.6[2.3 42] 40. 2 [12. 3 76] 72.5] 22.2 
9] 8.6]2,6 43141. 1112.6 77] 73-6] 22,5 
lo] 9.6]2.9 44] 42. 1112.9 78] 74-6]22.8 
11] 10.5 | 3.2 45] 43-0 [13.1 7s| 75+ 51 23-1 
12][11.5[3.5 46] 44. © [13.4 8| 76.1 23.4 
13] 12.4 | 3.8 47] 44-9 [13+7 81] 77+5] 23-7 
14/13.4 [4.1 45] 45.9 {14. © 82] 78.4] 24.0 
151443 [4-4 451 46.9 [14+ 3 83] 79-4] 24-3 
116]15.3 | 4.7 5c] 47.8114. 6 84] 80.3] 24.6 
17116.2|5.0 51]48.8|14. 9 85] $1. 31 24.8 
18]17.2[5.2 52]49-7 [15.2 86| 82.2| 25.1 
ig|18.2]5.5 $3150.7 [15.3 87] 83.2] 25. 4 
2019-1 [58 5451-61158 BB] B42) 25-7 
21[20.116,1 55152.6116,1 8] $5. 1] 26.0 
22121,0]6,4 56153-5116, 4 gc| 86, 1| 26,3 
23]22,016.7 57154-51[16.7 91] 87.c{ 26,6] 
24|23.0]7.0 58] 55-4 17. of 92] 88.c| 26.9] 
25123.9|7.3 5Sf36. 4 [17.2 93] 88.5] 27.2 
26124.9|7.6 S0[ 57+ 411745 94] 89.51 27.5} 
27125.8 M9 61158. 3 |17.8 95] 90. bf 27.8 
25426,8]8. 2 $2/59-3 |18.1 96] 91.8] 28.1 
25127.718.5 53|60. 2 [18. 4 $7] 92.7 28.4] 
z3c[28.7|8.8 64\61.2 [18.7 $d] 93.7] 28.7| 
31][29.6|9g.1 65]162.2 |19.c 9s] 94-7] 28.9} 
32130.6[9.3 66163, 1119.3 OO} 95+ 6| 29.2 
33131.6]9,6 67164. 1 j|19.6 20cfI91. 3} 58.5 
34132.519.9 68]65.0119.9 300[286,5\ 87.7 
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165 E A Table for difference of Latitude | 


b 


— | | 
- S 84g 72 Sji8deg.| 72 cl8dg/72dy 
5] degr. If depr. =| 
5 [[atitude and; - Latitude and 5 ['_aritude and] 
ra Departurc. os Departure. of Departure. 
1 To 3 35 33-3 [10-5 6c| 65.6121, 3 
2| 1.9 6 36] 34-2 (11-1 7of 66.6] 21.6] 
312.8 9 37035-21114 71] 67.5| 21.9 
4| 3.8] 1-2 350 36.1117 72] 68.5] 22.2 
5| 447] 15 3s|37-11]82-0 73] $9-4j22.5 
6| 5.7] 1-6 4c} 38.0112. 4 74] 70.4\22.9 
7] 6,6} 2.2 [41 39. 012.7 75] 71.3] 23.2 
S| 7,6] 2.5 42] 39. 8113-0 76] 72-3] 23-5 
9| 8.5] 2.8 431408 [13-3 _| 77] 73-2 23-8 
rol 9.5] 3-1 44[ 41-7 13.6 _781_74- 2] 24-1 
[11] 10. 4 3.4 45] 42+7 [1349 75| 751] 24. 4 
E2/11.4| 3+7 46| 43+ 6 [14-2 _ 76. 1124-7 
13112.3| 4-© 47] 44+ 6]14+5 $1] 77.0] 25. of 
14113+3| 4+3 42| 45-5114 82] 78.0125. 3 
15114.2| 4.6 45146. 515-1 83] 78.9]25.6 
16:15.2| 5.© 5c| 47-1154] 84] 79.9| 26.0 
17,16,11 5.3 51148. 5115.8 85] $0.8] 26. 3 
i8'17.1] 5.6 52]49-5]16.1 86] $1.8] 26.6 
19/18.0 GC 53] 59-4 i6,4 87 82.7 26.9 
20'19,0f 6.2 54] $1- 4 16.7 v2 83.7] 27.2 
211/20, 0} 645 55152.3]17-0 85| 84.6] 27.5 
22|20. 9| 6.t 34153-3 [17-3 go] $5.6] 27.8 
23[21,9] 7-1 57154-2.]17.6 91] 86,5] 28.1 
24\22,$1*7.4 $v]55.2 [17-9 92 $7.5 28.4 
25 23.8] 7.7 55156, 118. 2 93] 890.4] 25.7 
26124. 7] $.1 6c|57.1 18.5 94] 89.4] 29.© 
27125.7] 8.4 51158. 0]18, 95] 90.51 29.3 
2$8126,6] 8.7 62|59.6 [19.2 96 $1. 31 29.7 
29127.6] 9-C 53159+9 [19-5 97] 92. 2] 30.C 
Ron 51.92 ed I of he Le} 93:21 323 
31129.5] 9-6 65161, 20.1 97] 94.1] 30.6 
32] 30. 4j 99S 66162,8 P20. 4 10c| £5.11 30,9 
33131-4102 67163.7 [20-7 2Cc[i90, 261.8 
[341 32-3 110.5 68164. 7 121. © 2oc|255. 31 92. 7 


\ 

and Meridian-diſtance. E71 
1 | | 

| 2 SE 

- 19degs/7 1 E 9 deg. Fe S|1o4e] 1 deg. 
Terms : han Dees | artrade and 
, {narrag , (ney ; Departure, | 
Y 9| : 35 33-111. 4 65} $5+ + 22.5] 
2] I.9 6 364 24.0 111.7 7c| 66. 2| 22.8 
3] 2.5] 1.C 371 35-0 [12.1 71] 67.1] 23-1 
4 3.5 Ie 5 34[35-9 [12-4 72] 68,1] 23.4 
51 4.7} 1.6 3+136-9 [12-7 75] 69.cþ 23.8} 
61-9712. 4c}37. 8113-0 74] 69.5] 24-1 
7] 6.6] 2.3 [41]38.8 [13.4 75] 70.5] 24-4 
81 7.5\ 2.6 2039.7 [13+7 76] 71. 24.7 
og] 8.5] 2.5 43140» 7 [14-© 77) 72.8] 25-1 
1oſ 9.4} 3-3 44[41- 5114-3 78] 73-7] 25:4 
451 42.5147 Tc| 74-7] 25+7 

1 _—_ Pp - a =s 8c 75.6 26.1 
13 _ oe [47 44-4115. 3 $1] 76.6] 26. 4 
14113.2| 4.5 48] 45.4 [15+ 6 $2) 77.5] 26.7 
15114.2| 445 45|46.3|15-9 5] 78.51 27-0 
10115.1} 5.2 5c|47+3 116. 3 84] 1944] 27-4 
I7]116,1}| 5.5 51]48.2]16, 6 $5] G0. 4] 27+7 
1s I7.0| 5+9 52] 49+. 2 16,9 06 YI; 20,0 
ls 18.0 6.2 53150-1117. 3 v7] $2.2] 20.3 
20 18.9 6.5 54| 51.017. 6 £3 $3.2| 28.7 
21]19.9] 6.1 55|52,0117.9 $c| 04.1] 29.© 
wo =x 0p _ ug « %- gc $5. i 29.3 
231217] 7-5 57152.9118.6 G1 $0, 0 29.6 
alas 7.8 52154.5 118.9] -, 92] $7.0] 39.0 
25123.6| 8.2 59[55-8 [19.2 93] $7.9139-3 
26124,6| 8.5 5cl 56.7 119.5 94\ $8, 30.6 
[25.5] 8.8 61\57.7 [19-9 | 95] $9.t]30 9 
25 26.5] 9.1 52' 58, 6 |20. 2 96] 90. © 4 
2 . . 53159. 6 [20,5 97) 91. 7] 31+ 
$4 x 2þ+ - 54/60.5 [20.8 99 92, 6] 31.9 

IO. 1 5 . 


QO 


A Table for difference of Latitude 

& CT [2odep.| 70 Slrody, 70deg ' 
= > degr. > 

1 Z atitude anc © [Latitude and 
* | Departurc, '*. Departure. 0 Departure. 
Ex 4 35132.9112.0 65| 64.8 23.6 
al 1.91: 9 36] 33-$112-3 70] 65.8] 23.9 
3] 2.8] 1-0 37] 34-$112.6 71] 66.7] 24.3 
4 3.8] Ie 32] 35+7 113+-© 72] 67.7] 24.6 
5| 4-7] 1-7] 35|36.5113- 3 73] $8.6} 24.9 
6| 5.6] 2. 4c} 37.6113+7 74] 69-5] 25.3 
| 6.6| 2.4 41] 38. 5114-0 75] 71-5] 25-6 
8B] 7.5] 2-7 42] 39. 5 [14+ 4 76] 71.4] 26,C 
of 8.5] 3-1 $3] 49: 4114-7] 77] 72-4] 26.3 
10 9.4] 3-4 44] 41-3 [15-O] 71 73+ 3126.7 
11] 10.3 3. bf 45] 42+ 3 [15+4[ 79] 74-2] 27.0 
12[11.3] 41 45] 43+ 2115-7 8c] 75-2] 27-4 
13]12.2| 444 47] 44-2116. 1 81] 76.1] 27.7 
14|13.2| 4-8 45] 45.1116. 4 82] 77.1] 28,0 
15114.1] 5-1 45] 46.0]16.8 83] 78.0] 28.4 
16|/15-0] 5-5 5c 47.0]17-1 $4] 78.9] 28.7 
17]16.0] 5.5 511 47. 9Þ17-4 F 80.0] 29.1 
18 16.9 6.1 52 48.9 17.8 þ $6] $0.8 29. 4 
19117.9] 645 53] 49. $]18.1} - $7] $1.8] 29.5 
20118,8] 6.8 541 50-7 18.5 | B& 82.7] 30.1 
21119. 7] 7-2 55151.7 118.5 Vs] 83.6] 30.4 
22120. 7] 7+5 $6152.6J19.1]: go] 84.6] 30,t 
23]21.6| 7-5S} 57153-6 [19-5 911. 8525] 31. 1 
24\22,6] 8.2 58] 54. 5 [19- 921-86. 4] 31.5 
25]23.5 8.5 53$155« 5 [20.2 93] 87.4] 31.< 
26|24.4] v5 60]56. 4 [20.5 94] 88, 3[ 32. 1 
2725.4] 9-2 51157. 3 P09 95] 89. 3] 32-5 
28] 26.3 | 9.6 62158. 3 [21.2|* 96| 90. 2] 32.5 
291 27.2 j10.C 63159.2 [21.5 97] 91.2] 33.2 
30] 28, 2 j10.3 64/60,1 21.9 9] 92.11 33-5] 
31 29. 110-6 65161,1 [22.2 9S1.93+Of 33+9S 
32] 30. 1-j10-9f 56162,0R2.6| 1oc| 94. Cf} 34-2 
33131-01173] 67163,0]22.9f 20c|187; 5} 63.4 
2 4\31.9J11. 6]. 168)63. 9123.3. zocſ281. 102, 6 
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and Meridian-diſtance. 69 
2144 69 | lu, 69 | | CT [21 deg.169 dep. 
Jegr. I degr. Z oF 
arleudennd 3 [Latitude ano & [Latitude and 
Departure, * | Departure. _ © | Departure. 
9] 4 35] 32.7 mon. 6:] 64. 4] 24.7 
I. 9 7 36] 33-6112.9 7c] 65.3] 25.1 
2.8] 1.1; 37] 34+ 5 [13. 2 71] 66, 3| 25.4 
3-7 1.4] 38] 35.5 }13, 6| 7:] 67.2] 25.8]. 
4-7 | 1.4 39| 36.4 |t4.0 73] 68. 1] 26.2 
$.6] 2.1 4O) 37-3114. 3 74] 69-1] 26.5 
6.5] 2.5 41] 38. 3[14.7 75] 70.c| 26.9 
7.5| 2:9 421 39.2115. © 76} 70. $| 27. 2 
8.4| 3.2 +3] 40. 115. 4 7;] Jle$| 27.6 
9:31_3-5 44[ 41. 1 I5. > 7] 72. >| 27.9 
IC.3] 3.9 45]42.0|16, 1 7S|- 73+ 7] 28.3 
11.2] 4.3 46142.9]16, 5 Sc| 74. 71.28.7 
I2.1] 4.7 471 43-916. d 81].75-6|-29.© 
13.1] 5.0 48] 44.8 [17, 2 82] 76.6] 29.4 
14.0] 5.4 49] 45-7 [17.6 83] 77-5] 29-7 
I4+S| 5.7 5O| 46. 7 [1:7. £ ; 84] 78.4|- 30.1 
15.9] 6.1 51147.6]18, 3 85} 79.4] 30.5 
16.5] 6.4. 52148. 5118, 6 86] 80.3] 30.5 
17.7] 6.8 33149-5119.0 7} 81.2] 31.2 
18.7 Eat 5450. 419. 3 Bt $2.2 31.5 
19.6] 7.5 55151-3119. 7 | Bc] 83.1] 31.9 
20.5] 7.9 56} 52.3120, 1 gc| 84.c| 32.3 
21.5] 8.2 57153-2120. 4]. 91] 84.5] 32.6 
22.4] 8.6 55154. 1 j20. d 92] 85.5] 33.c| 
23-3] 9-0 59155-1]21.1 $3] 86.8] 33.3 
24-3] 9.3 Sc|[56.021.5 ; 994] 87.7] 33.7 
25.2] 9.7 61156.9]z1.c 95] 58.8] 34.0 e 
26,1110.C 62157.9 [22.2 96] 89,6 34 4| 
27.1110. 4 63158.8 [22.6 97] 90.5] 34-< 
28. 010.7 64159.8[22.c gt] 91.5] 35.1 
28.9 [11.1 65 50, 712343 | 92+4] 35-5 
29.5 |11.5 66|161,6123 6| 1oc| 93.40 -39.< 
30.8 [11,8 67162.6[24.c 20chi186,7] 71.7 
31.7 112.2 68[ 63.5124. 4 zOc|280. 11107, 5 


A Table for difference of Latit 
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oO B OV © Ekvv » 


ay 
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wm a 89am 
D) MD we 


O 
| 
depr. | > Ig 
—2 fo] 
Litutude anc Q R 
 Nevparture, us ol | 
4 - 35] 32-4} 69] 
I.9] 7 13s 7c 
2, Sf 1-1 37] 34-3 71 
3+7] 145 3E[35- 2 72 
| 4.6] 1.9 39139.1 73 
5.6| 2.2 4c[37.1 4 
6.5] 2.6 41138. 0 7 
7.4] 3-C. 2138.9 76 
8.3| 3+4 +3]39-9 77 
9:3\ 3:7 +9149. X 
10.2| 4.1 45] 41.7 76 
Il.1| 4.5 46] 42: 8© 
12.0) 4.9 47143» 81 
13.0] 5.2 421 44.5 82 
13.9] 5.6 4$[45- 
14.5] 6,0 5c 84 
5.7] 6.4 FI 85 
16.7] 6.7 52 86 
17.6] 7.1 53 87 
i8.5| 7.5 54 $Y 
IL} 7.9 55 89 
20,4| 8.2 56 9C 
21.3] 8.6 57 91 
22.2 | 9.0 5e 92 
23.21] 9.4 SS 93 
24.1] 9.7 - j6C 
25. [10.1 61 95 
26, [10.5 62 96 
26. 110.9 63 97 
27, $i1.2 64 98 
28.7 111.6 _ 99 
29.7 [12.0 66 ICC 
30.6112,4 67 20C 
31.5112, 6& 


22 degs 


——_— 
Latitude and 


3001278. 2 


and Meridian-diftance. 71 

& E 
S123 deg] 67 S|23deg.| 67 T c3dg]674s 

'S deer. 4 aepr. > | - | 

| R [_atitude and 5 [Latitude anc © | atucude ana 
* | Departure. * | Departure. ” | P-parture, 
I o + 3514 32+2[13+7 | GL] 0345] 20.9 
2] 1,8] 8 36|33.1]14.1 7c] 6404] 27.3 
3] 2-5] 1-2 37] 34-014: 4 71] 65.3] 27-7 
4} 3-7] 1.6 38] 35.0114. 9 72] 66,3] 28,1 
5] 4-6] 1-9 351 35-9115-2 73] 67-2] 28.5 
| 55] 2-3 40 36. $115. 6 74} 68,1] 28.5 
7] 6:4] 2-7 41} 37-7116.0 75] 69.0] 29.3 
$] 7.4] 3.1 42) 38, 6116, *(| 69.9] 29 7 
'6 @* 3 3.5 43 39. 6, 16, bf 77] 70g] 3c. i 
ic} 9-2] 3.9, 44] 40.5]17.2 73] 71.8] 30.5 
I 5+ | _ — ons —_ 
t1] 10.1] 4:3; 45] 41.417. 6 =c| 727] 39.9 
12] 11,0| 4.7 461423418. Sc] 73-6] 31.2 
13] 12.0] 5.1 47143-'3 [18. 4 $1] 74.6] 31.6 
Jr4]12.9] 5.51 4d\ 44.2118, 7 $:] 75.51] 32.0 
15|13.5| 5.5 £145. 1119. If 8-] 76.4] 32.4 
16] 14-7] 6.2 5c|46.0[19.5 Sal 77-3] 32.6 
17115,6] 6.4 51146, 9119.9 $5} 78.2] 33.2 
it 16,6] 7-© 532147» 9120. 3 ©&C| 79.2 33-© 
IS[17.5] 7.4 53148, 8]20. 7 87] 50.1] 34.c 
2c| 18... 7.5 54149. 7121.1 $e] B1r.c| 34.4 
2n[i9.31 3.3 55150-61[21,5 vc] S1.5 34. d 
22) 2%. - d. 6 J6151.5j21.5 ;C| $2.0] 35.2 
12 1.34 4 C 57 2.4\2203 g9:] 83.T] 35.6 
2412.1] 9.4 155153.4 [22.6 9:| 84.7] 26.- 
25] 23.C| 9.d 59154+-3 ]23+C 95] 85.0] 36.; 
26] 24.010. 2 loC[55.2 [23 < 94] 86.5] 35,7 
2:124.9|1C. 5 Ol[5%,1123-C 55] 87.4] 27. 
28|25,d[lo.gh S$2[57. 1 [24-2 g6| Sveg] 7.5 
2c 26,711. 3 $5159.90 [24.6 97] £95] 37-5 
3Cf27.6]11.7 6.4158, 9 [25-C ge] 00.2] 3S. 
31] 23.5 [12.1 65159. 6125.4 69 1 38. - 
32] 29.4 [12.5 (56150,8 [25,£ ioc] 92.C| 39. 1 
33] 30.4 [12.9 67161, 8126.2 2co|t84.1] 78, 
34131. 3113. 3 68162,6]26, 6 ocl76 1\117,2 


C— 


fe 
2 A 


| T reds ey 
66 5 
| ©12 4 dep. : 29 
: = Latitu 
_ : Latitude ano : Departure. 
| 6g] 63.0 
5 ar urn * De _ 7 Ty 
| Departu : T TT TE : Z 
| 9 F : 
2 oh, 3 33-0 4g 7 7 
3 2, | " 3 2 15.9 _ 
4] 3-6 Le 39 43 - 34 7 67 
5] 46 2.4 + 74 Ky 75] 5 
6 4 2.5 - 8.4 [7.1 76 70. 
7} 0. A 47s + 
& £3 9p 4939-3 +. FL 71 
- T 4 = 8ol 73-1 
JT hl [os 
2/19. * ” 42.9 I9.1 82] 74-9 
12} 10,9 3 a _ 19.5 8; I 
: 1 5 : 4 I9. 9 84] 76.7 
91 6 50 $5.7 20. 3 85] 77-6 
'S) 13.7 6.5 FO - p 20, 7 $5 77-6 
7 5's 6s 4 _ 21,1 87 79.5 
1316.4] 7 4. 4 4121.6 $8] 80.4 
18] 16, 4 - 53 -Y- get LY 
20| 18, 3 _ 55 _- _y oe Br 
BED E - _ 23.2 92| 84.0 
22] 20,1 4 5 5 5 ZE 
at T Jos 9 |24-O 94 85.8 
_ 6 54 86,8 
w = 8 110, 2 39135- W : + 
2 . ” | 
 b- x 49 ”— 25. 2 97 88, 6 
425. ny 5; 57.3 25.6 98] 89.5 
28] 25. 611, a 25. E : 
8.5 | - 
26,5]11.7 54138, bc : 
29 12,2 O4 ATI EET 
TR 8 +; Ky 26,8 00 $03 
; 29. 13 ya 61.2 __ wm 
3 56.113-4 68] 62, 1 127. 
24) 31,0113.5; 


and Meridian-diftance. 73 
lx5n 65 S125 deg.| 65  |25dipl 654g 
© lee”. y depr. 7 | 
© [Latitude and 5 [Latitude and f. [Uititude ans 
” | Derarture, * | Departure. ! ” | Departure, 
I bf 4 35] 31.7 [14.5 65 "—Y 2Cs 2 
2] 1.8 & 36] 32,6 0 70] 63.4] 29.6 
3] 2-7] 1.3 37133+5 [15.6 71] 64.5] 30.G 
4 3-6] 1.7 35] 34-4[16.1 72| 65.2] 305 
5| 45] 2.1 3$135+- 3116.5 7:1] 66,2] 3O.s 
6] 5-4| 2.5 4c[36.2116,9 74&| 07.1 31.3 
7] 6-3] 3-0 +1] 37-2 [17.3 75] $8.c| 31.7 
6| 7.2] 3.4 42]38. 1117.8 76] 68.c| 32.1 
9] 8.1] 3.8 43139-0[18. 2 77] 69.8] 32.6 
lo 9.1] 4.2 . 44|39-9118.6 7 70.7] 33 <| 
12] 10.0 4» 7 451 40.8 [19; © 75| 71-6] 33-4 
I211I0,9| 5.1 46] 41.7 [19.5 8c| 72.5] 33-6 
13]11.8] 5,5 +7] 42.6 [19.9 81] 7344] 34-3 
14112.7 | 5.5 48143.5 [20.3 82] 74.3] 34-7 
15113.6| 6,3 45] 44+ 4 [20 7 85] 75-2] 35.1 
16114.5| 6,8 SC[45+3 [21.1 84] 76.1] 35.5 
17115.4] 7.2 51146, 2 [21,6 85] 77.c| 36.0 
18]16.3] 7.6 $2]47-1122.0 86] 77.5| 36.4 
9117.2] 8.c 53148. 0122.4 87] 78.8] 36.8 
20 18.1] 8.4 54|48. 9 [22.8 88 79.7] 37-2 
21]19.0] 8.5 551 49+ 8 [23.2 89] Bo. 7] 37.6 
22119.9] 9.3 155150. 7 123.7 gc] $1.6| 38.0 
23120. 8| 9.7 $7151. 6124.1 91] 82.5] 38.4 
24|21. $j10, 1 59]52.6]24.5 92] $3.4] 38.9 
25|22, 710.6 59[53-5|25.0 93] $4.3] 39-3 
26123, 6|11,0 6O| 54. 4 [25 4 94] 85.2] 39-7 
27124. 511.4 61|55. 325.8 95] $6, 1] 40.1 
28|25.4 11.8 62|56. 2 |26, 2 96] 87.c| 40.6 
25126, 312. 3 63157. 1 [26.7 97] 87.5] 41.C 
30127. 2112.7 64/58. 027. 1 98] 88.8} 41.4 
31]28. 1113.1 65158. 9127.5 99] 89.7] 41.8 
32129. 0113.5 66159. 8[27.9 roof 50.6] 42.3 
33]29. 9114.0 67160.7 128.3 200|[1B1. 3} $4.5 
34 30. 8 [4.4 6$8161.6128.8 3ooſ27I.5 126.8 
T n——_— 


A Table for difference of Latitude 
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of ond et wt hon 


a þ 
Oo 


=|:6 64 
x « g oF F' 
Z Z | atitude ane] 
a © | Departure: | 
7 Sel 31.5115. 
3222-4 44 


57133-3162] 
bt 34-2 |16, 6 
4C 36.0 17+ 5 
41] 36811749 
42] 37-8 |18. 4 
þ5 39.9 18.8], 
44 39511923 
451/40 4[19+7 
46] 41+3 my" 

20, 6 
4b] 43+1121-0 

4£| 44 01* 144 
5c 44.91]*1.9] 
511 45-$122.3} 
52] 46.7 122. 
53] 47-6 123-2 
541 48-5123-7 
$51 49+ 4 [*4+1 
56150» 3 174-5 
57 IEEE | 


5s|53-0 [25-8] 
6c| 53-9 126.3 
31154» S 126.7 
62155. 7 [27.2 
5156.6 127.6 
641 57-5 [28.0 


— 


$, 


5 
8.5 
9.4 
Os © 


2 
- 
07 yrs] 


25.4 þ- 


znd Meridian-diftance. 25] 
F [27 deg. 63 - ade) 6308 
o 7 
5 Comadrand & [Latitude and 
4 Departure, ! CY Departure, 
35] 31-2[159 &| 67.5] 31-3 
36} 32, 1 [16, 3 Tc| 62.4] 31.8 
37133+-0 [16,5 71] 63.3] 32-2 
3t[33. 8117.2 Tel 64.1] 327 
35134 7 [17+7 73] $5-c| 33-2 
4c[35. 6118. 2 74] $5«5| 33.6 
41136. 518, 6 7x| 66.t] 34-1 
42[37- 4[19.1 76] 97.7] 345 
43138. 3 [19.5 5] $8.4] 35-0 
44] 39: 1 [20: 2] £9:51.33:4 
45] 4% 2 |2©, 75] 79-4] 359 
46] 41, © [20, g 8| 71.5 363 
471 41,9 ſat, $1] 72.2] 36. 
4E] 42, 8 I 82] 73.1] 37.2 
45| 43. 6 [22.2 82] 74-£| 37-7 
Sc| 44.5 122.7 84] 74.5] 38.1 
51] 45-4 [23-2 85] 75-7] 39.6 
52146, 3123.6 86] 76.6] 39.0 
$3] 47-2 [24-1 87] 77-5] 39+5 
54| 48. 1 [24+ 5 88] 78. 4| 40.0 
55149-0 [25.0 "VB 79. 31 49-4 
$6149. 9 [25. 4 9C| VO, 2] 40.5S 

157150. 8125. 9 91 Sr, 1| 41.3 
SE[51.7 j26. 3 92] 82.c| 41.8 
59]52.6Þ6.8 93] 82.5] 42.2 
60[ 53. 5 [27-2 94] 83.7] 42-7 
61154. 3 Þ7-7 95] 84. 6] 43-1 
62]55.2 j28.2 96] 85.5] 43-6 
53156, 1 [28.6 97] 86. 4} 44.0 
54157+O [29-1 98] 87. 3]_44-5 
65157-9 [29-5 94] 88.2] 445 
66158. 8 ]z0. © toc} 85.1] 45-4 
67159. 7 [30.4 20c|178. 2} 60. 5; 
6$160,6 130.5 3001267 ;[126 2 
L'2 


—_ 


6 A Table for difference of Latitude 
= 2 8deg.| 62 = 62 'S agſ624g 
73 legr. yy degr. Fr . 
Latitude and 5 [atitude anc F Latitude and 
” | Departure. " Departure, -* | Departure. 
—_ 2% 16, 4 65] 60.9] 32, 
is - - 16.9 7c| 61.8 A 
2.6] 1.4 37 17.4 71] 62.7] 33.3 
3-5] 1-9 38 17.8 72] 63.6] 33.5 
4-4| 2+3 18, 3 73] 4-4) 34-3 
5-3] 2-5 : 74) 65-3] 34-7 
6.2] 3+3 75] 66.2] 35.2 
7,1] 3+7 76] 67.1] 35.7 
7.91] 4.2 771 68.0] 36.1 
8.8] 4-7 75] 68.9] 36.6 
947 | 5-2 TS] 09.7] 37+ 1 
10.6] 5.6 8c| 70.6] 37.6 
11.5| 6.1 81] 71.5] 38.c 
12.4| 6.6 82] 72.4] 38.5 
13.2] 7.C 83] 73-3] 39-c 
14.1] 7-5 84] 74-2] 39-4 
15.0| 8.0 85] 75-1] 39-5 
15.9] 8.4 86] 75.9] 49.4 
16,8] V.c 87] 76.8] 40.t 
17.7 |_9-4 BU 77-7] 41-3 
18, 5|-9+£ 8] 78.6] 41.+ 
19, 4 110.3 SC] 79.5] 42.2 
20, 3 [10.8 91} 80.3] 42.7 
21, 2 [11-3 92] S1. 2] 43.2 
22,1|11.7 93] $2.1] 43.7 
23, 012.2 94] 83. of 44. 1 
23.8 I2,7 95 83,5 44, 6 
24. 7 [13-1 96] 84.t] 45.1 
25, 613-6 97] 85.6] 45.5 
26,5}14-1 ve} 86, 5þ 46,c 
27.4[14+5 95] 97-4) 455 
28,2 [15.© r0c| $8.3] 46.5 
29.1115.5 20C1176, 6] 93.5 
30.0 j16,c 3OC[2 64, 5t1 40. 
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and Meridian-diftance. 7 al 
29 deg.| 61 olegde. 61 | T j29 deg.16 1 deg. 
degr. © | degr, £ 
Latitude and 2 Latitude and & | -aticude and 
Departure, * | Departure. * | Departvre. 
4 +. 35} 30-6 [17. | 95] $0. 4] 33-4 
1.7] 1.0 36131. 5-117. 4 7c] 61.2] 33.9 
2.6| 1.4 37] 32.4 (17. 71] 62,1] 34.4 
3-5 1-9| 38] 33.2118, 7:] 63.0 34.9 
4-4]. 2:4f 39] 34-1]18.5 73] $3: o| 35-4 
5.2] 2.9] 40] 35. 0{19. 4 74] $4.7] 35-9 
6.1| 3-4f 41] 35-919. 5] 75] 65 6| 36.3 
7.O{ 3.9 42] 36. 7120.3 74 66.5] 36.8} 
7-9] 4-3 431 37. 6j20.d 7:1 67.3] 37+3 
8.7 | 4.8] 44} 38.5 21.3 7e] 68.2] 37. 
9+ 6, 5-3 45] 39-4 [21.%} 75] 69. 1] 38.3 
10-54 5-8] 4640. 2 [22. 3 Sc 70c| 38.5 
11.44 6.3} 471 41.1]22,$ $1] 70.t| 39.3 
12,2| 6.8 48] 42.023, 3 1 71.7] 39-7 
13.1] 7-3 45142.9123-7 82] 72,6] 40.2 
I4.0| 7.7 50] 43+ 7 [24+ 2 4] 73-5] 49-7 
14+9| 8.2] 51144-61247] 35] 74. | 4.2 
15.7] 8.7] 52145-51252 - $6] 75-3 4 
16,6} 9.2 53146-4125. 7] 87] 76.14 42, 
17.5} 9-7 $4]47-2 26. 2 88] 77.c| 42.7 
18. 4 {10,2 55148.1126,7 651 77.5] 43.1 
19.2[10,7 56149. 0127. 1 p<] 78.7] 43.6 
20. 1111.0 57149-9127. 6| * 91] 79. 6] 44.1 
21.0|[11.5| 58150.7|28.1] v2]. 80.5] 44.4 
21-9112.) 59151.6128,6] 93] 81-3] 45.) 
22.7112.6 6c|52.5[29.1 94] 82.2] 45. 
23. 6113.1 61153.41]29.6 95] 83.1] 46.1] 
24. 5113+ 6 52154. 2 [30.c FE} B4.c| 46,< 
25. 4114-1 53155+-1130.5 ©;| 84.t] 47.c 
26,2 14.5] 54156.0131.c| LE 85.7] 47.5 
27. 115.0 55[56.9[31.5 9$| 86 6] 48.c| 
28, C|15.5 56157 7 [32.c roc| $7.5] 48.< 
0474 ms 57158.6132.5 20c[i174.5s| 97.c 
29. 7116.5 68] 59.5133-c z0c[262.41145. 5} 
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A Table for difference of Latitude © 
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9083 ©, A 


2: Saſoa +>v 
Oo ww Oo wn 
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yt 


© 990 
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A OA Omdowe 0m 


PD 


——"_ 


9133-8 
135+5 


| 


34-6] 
36.4 


z0deg 60 


Departure. 
30-3117 
31.2 
32.0 


$132.9 


17.5 
18.0 
is.5 
I9,© 


de ne 


= Meridian-diftancs 79 


o | Sþ14ej59.y 
5 | 2 Latitude and 
8 4 Departure. 

- 6s _ 35-5 
k 7c} 60.0] 36.0 
> 71] 60.9] 36.6 
; 72] 61.7] 37.1 
4 | 73] 62.6] 37.6 
; 74] 63-4] 38.1 
io 75] 54-3] 38.6 
{ 76] 65.1] 39.1 
g 77] $6.0] 39.7] 
bo 7Eþ 66. 9| 40.2 
Ic 


75} 67.7] 40.7 


L 8| 68.6] 41, 2| 
12 IC, 3 6,2 $, 69. 4 41 - 
 pragiy poyke 82] 70. 3| 142, 2 
+. page $- 83] 71.1] 42,7 
I5[12.9| 7.7 Beko 
"FART 85] 72-5| 43-5 
(a rg 86] -73- 7] 44-3 
= $4 5b 87] 74-6] 44d 
out bn v8] 75-4] 45-3 
*Cf17. 1110.3 E ny 
21[18.0[10.8 «4 Fog eh 
22[18,9|11, 3 «$49 bg. 
23119. 7.[41. 5 «£491 ponys 
24] 20.612. 4 & Fang $448, 
25 21.4 i2,9 + ag 4&5 
261 22,313. 4 pg bp 
-p. 4, $6} 82.3] 49.4] 
23] 24.0114. 4 Meme. Pn 
tf 24.9 "he «ll $5. « ang 
[2 et 956 34.5 5r:c 
31] 26,6116, © 28 85. yp 
+ hg ag 20C[171.4['03.c 
33 25, 3117-0 > = ng (un | 
34] 29. 2 17.5 (4+ © 


_— — hte at. Bf Ld M5 25 . 


1x Table for difference of Latinde 


4 


= z2hey] 5 S132 deg - S& =|paag|38e] 
"y . w epr. | | 
7 ud _ Ale r) 1]L:utude and 
FT Den 4 Departure Departure. 
* | Departure. =] Depa _ _; 
I] 5 ; a 
h 1.7 wy ; - I9.1 — 
: I an Hl mo 38.1 
- _ Pp 3G 20,7 38. 7] 
: BY _ 30 21,2 39s 2 
9 Þ. 4 41134. 8121.7 6] 39.7 
ol 5.5143 42135-6|22., 4. 
's 44 4 22.8 40. 8], 
by "4 i +- / - , | ; 41.3 
FX _ 35138: 2123.8 "79 | 41,7 
« Ly. , 6] 24. 4 42,4 
. wo "> hy 8124.9 42.9 
3 o- . 
=. jag.d ag. = pond nh =o 
+ wg b.; 5c 26.5]- 44.5 
= 4 j- 51 27. © 45. C 
17] 14.4] 9.0 ' ho ww 
118] 15. 3] 5-5 $2/44-1 [27.5 45:6 
IS}16, 1110.1 $3 + ry 
20] 17, 0110.6 54 = - = 
= Sy ip 29.7 47+7 
ny 0g 57 3O. 2 48. 2 
_y —s 5T 0.7 | 48.7 
: | . 49+ 3 
21.2 = 5 45 wy 
= 4 61 32.3 5O. 3 
23-7 ” 62 32.9 509 
eb robs Z 
coz fa 52-4 
31 26,3116, 4 w - 
32] 27.T}17.0 2 = 644 
28.0 I7.3 Va DLO . 
4 28,7 118.0 6858.7 136.0 159. 


| and Meridian-diſtance. 8 J 
= 334 57 c 134] 57 | > 3346(57 4s 
= degr. . er, = 
2 Latitude and 7 Latitude and Z Latitude ano 
© | Departure, | Departure, ©] Departure, 
1 = 351 29-4 119. 1 6g 37-9| 37. 6 
2 7] I.1 36] 3C+2 [I9, 6 7c 5%. 7] 38.1 
3] 2-5] 1.6 37131-1]zo.2 71] 59-6]. 32.6 
4] 3-4] 2.2 3E[31.9[20.7 72] 6O.4[ 39. 2 
5] 4-2] 2.7 3532-7 [21.2 73] 91-2] 39.7 
6] 5-O| 3.3 4c[33-5 [21.8 74] 92-1] 40.3 
7] :5-9] 3.8 4134-422. 3 75] $2.5] 40.8 
& 67 4. 4 42133+2 [22.9 76] 63-7] 41.4) 
9] 7.6] 4.9 43139-I23.4f 77] $4.6] 41.5 
8.4|_5-4 44[36-9 24.0 78]_65. 4| 42.5 
+ 9.2] 6.0 451 37-7 [24.5 79] ©6.3] 43. 
0.1} 6.5 46138.6[25. 1 8c{ 67.1] 43.6 
IC. oe) 7.1 47139-4125, 6 81] 67.5| 44.1 
en.) 7.6 421403 [26, 2 82] 68,5] 44,6 
12.6| 8.2 45|41-1 [26,7 83] 69.6] 45.2 
13-4] 3.7 50[41.-9 [27, 2 84] 70.5} 45.7 
14+'3} 9. 51]42.8[27,8 85] 71.3] 45. z 
15.1 | 9s 52143-6128. 3|. $6] 72.1] 46,% 
I5.'gf1o. 4 5314+ 5 [28.$ 87] 73.0 47.3 
Na od 14145-3129: 4 35 73-8] 47-5 
17.6|11, 4 5514%-1130.0 Sl 74-7] 48.4 
I8.5 [12.0 56147-0o.5 9c] 75+ 5] 49.c 
19.3 [12.5 57147-8}1.0 911 79.3] 49.5 
20.1|13.1 5:1458.7 [31.6 F- 77-2] 50.1 
21.0 [13.6 55149+ 5132.1 93] 78.0] 50.6 
21.6[r4. 2 650. 3132.7 | 94] 78«c| 51.2 
22.7 [14.7 G1 JI. 2133.2 [2 79+71] 51.76 
23.5 [15.3 62152.0133.8 96] 80.5] 52.2 
29] 24. 3 [15, 8 63152.9[34. 3; 7] $1,4| 52.1 
25-2116. 3 64| $3.7 34. 8; 98] 82.2 $343 
31| 26.0116, 9 65154-5135-4 99| 83.1] 53. 
32 26.þ [17.4] | 96155-4B5-5 100] 83.5 5 4 
33] 27.p [18.0 7 $9.2 B6.3|, 2od167-fr 
3 4 18, 68] 57. 1 B7 ol; 30c[251. $1163. 
I 


182 A Table for difference of Latitude T 


ML SES 


Sh344ege| 56 | 34 1eg.} 56 S134 1eg-56 deg. 
=> [degr. | - deer. E 
Z [Latitude and £ [Latitudeard J A 
|* | Departure, [* " | Departure, ; _ ©. | -Departurt. 

TT i 35] 29. ©|194 0 65| 57-2] 38.6 
20 1.7] 1.3] 36 a $190. 3 7c] $8.c| 39.1 

3 245] 247 37130. 7 [20.7 71] 58.8] 39.7 
al 3.31 2-2 2} 31. 5,]31.2 72] 59-71 4% 
5| 441] 2.61” 3533/3 121.8 73] 60.5] 4% 

6] 5.0| 3-8 4013352 122, 4 74] 61.3] 41, 4 

7] 5.8] 3-5 41]34.0/22.9 73] 62.2] 41.9 
| 8] 6.6] 4.5 42[34:$ [23:5 76| 63.c| 42.5 
9] 7-5þ 5-© 43] 35- $]24-© 77] $3-Y 43-1 

10] 8.3] 5.6 44[,3% 5 [24-6 _7t1_64-7 43.6 

21] 9.1] 6.1 451 37+ 3125+ 1 754-55-5] 44-2 

12] 9.91 6 7 46] 38. 1125+7 8c} 66.5] 447 

13]10.8] 7.3 17] 39.026. 3 81] 67.1] 45-3 
14|11.6| 7.8 4>| 39. $126.58 824 68.c| 45. 

15]12.4| 8.4 4£| 40.6 [27. 4 $:] 68.5] 46.4 

16j13.3] 8.5 5c|41. 4128.0 {| 84j 69.6] 47.0 
17114.1] 9.5]. 511 42.348. 5 v5| 70.5] 47-5 
1S114.9 10.1 52] 43.129 1 | 8c} 71.3] 48.1 

tc|15.5j10. 6 52|[ 43-9 [29.6 $7] 72.1] 48,6 
(2c|16,6|11,. 2 54 44. $ [3+ 2 £1: 72-9 49. 2 
551 45+ 6 [30+ 7 8c] 73-E[. 49.8 

56146. 4131+ 3 9C|, 74. 6] 50.4.3 

57147+- 34-9 91] 75*4} 50-9 

55] 48. 1 [32+ 4 92] 76.3] 51-4 

59148. 9 [33+ 0] 93] 77-1] 52.0 

50] 49-7 [33-5 94] 77-5] 52-6 

61150, 6 134-1 95] 78.3] 53.1 

62|5I, 4 34. 6| | 96] 79.'6] 53+7 

63]52. 235-2 $7] $0. 4] 54-2] 

64153. © [35+ 8 c&| $1.2] 54.8 

651 53-9 Þ6&+3 | 99] 82.1] 55-4 

66154.7 6.9 roof 82.9} 55-9 

+5 8.4 2co|165.tj111.8 

N Ol ZOO Lab 167, $ 


| ' and Meridian-diſftance. 8 3] 
_ | 1 - þ. = 4 
4 55ae| 53 - [54845 deg. 

| eOY. I | Ss. : 
£ =D - T[antade and 
*_ | Departure. if " } Departure. | 
E1] 6 35 | 56.5] 39-6 
11,7] 1.1 36 of. 57 3] 40. 2 
2,5 1-7] | 37 4. 58..2]- 40 7 
343] 2-8] | 38]; .59-0]- 41-3 
4411" 2.9| | 3s ſ. 59+-$]-.41. 9 
449] 3.4 4© 60.6 4235 
zee: | FT 
el 5.þl 13 63.1 
+82] 5.þ|: | 44 1. 93-5 
9:0] 6.20. ' 64.7 
9s 44 my. | . - . 65, 5 
IO, 61 7.5 47 . 66, 4 
H.5| 8.0 481 39» 67.2 
i800} Bilino 53.6 
- . © | JO . , Sw 
Hy | 51143.8 |2 69.6 
1497 IO.3] 521 42.6 70.5 
15.16/1C.g 53] 43-4 [30. 7] 71-3 
16.411 54] 44-2 72.1 
F7.\2 112, © 551 45-1, 72.9 
I8.oj12.6 56145-9 73-7 
12. 8113.2 571-46. 7, . 74. 6 
19.6 ng 8 58| 47-5 75+ 4 
20-1 [14-3 59 48. 3 _ 
«Zfl4+9 0149. I I /* 
22.1]r5 5 61]50.0 779 
22.9[16.1 62150, $' 78.6 : 
23.7 (16.6| 631151.'6\ 79.5 
[24 6117.2 64/'52. 4 $0. 3 
25.4]17.8 6553-3 81.1 
26,2[18.4 66| 54e1 81.5 
7-pji8.s|- | 157154 6200801 
$Irg.5| | [65/5 130912451817 


134 A Table for difference of Latitude 
AS 2 | 2 = BR 
S1z6deg.| 54 | | 13 6deg) 54 S136 deg [54 deg- 
|) ES | Is depr. 5 
2 JLatitudeand| | 5 {Latitude and} \. FR Lattude and 
” | Depanturs |_|! ” | Departure, | _* | Departure, 
uf vj of: | 35 oj ws 69] 55+þÞ 
20 1.6] 1.24 ! 36] 29. T (21.1 70] 56.6 
| 24] 1-þ|. | 37129: 9121.7 711. 57-4 
4 3-2] 2-3] | zd}3o1 1]22, 3 72] 58.2 
5] Co] 2. | 39 31: $[22: 9 73] 59-c 
6] 4-5] 3-5 40] 32-4123-5 74] 59-$ 
715.7 | 41 41] 33+ 2124+ 1 75] 60,7 
8 6.5] 4-7 42] 34+ ©124+7 76] 61.5 
9 7-2] 543 43] 34-$[25+ 3 771.62.3 
10]. 8. 1'þ 5-9 C 44 355 6125+b 7.9, KEN. 
11] 8.9] 6.5] 45] 36+ 4126-4 751. $35 
12] 9.7] 7.O 46] 37.2 127.0 $| 64.7 
13110.5] 7.6 471 38.0127. 6 $1] 65.5 
r4|11.3] 8.2 48] 38.8 |28. 2 $2] 66,3 
15|12.1] 8.6 45} 39.6 128.8 83] 67.1 
16]12.9| 9-4 5Of 40. 4 129. 4 84 68.0 
r7j13.8[10.0 51141. 3130.0}. $5] 68,8 
18]14.6]10. 6 521 42.1130. 6 $6] 69.6] 50.6 
1g] 15.4 [11.2 531 42.9131.1 7] 70. ; 
20]16.2111.8 54] 43+.7 [31-7 89] 71.2] 51.7 
21117. O[12. 3 55144+5 [32 3 89] 72, -52. 
22117. 8112.9 56145+3 [32.9 ot] 72,5 
3118.6]13.5 x 46, 1 33+ 5 91} 7346 
2419. 4114-1 46. 9134 1] 92] 74, 
5120-2114 7 $91 47-7 +7 93] 75,7 
26]21, 015. 3 6o| 48. 5 [35+ 3 94] 76.c 
27121. 8]15.9 61]49+ 3 [35-8 95} 764% 
$[22.6 [t6, 62] 50. 2 136. 4| 96] 77.7 
g]23- 5[17-© 63151. 0137. © 97] 78:5 
c[24- 37-6 54|51.8 137. 6 98] 79-3 x 
1125. 1]18. 2 65152.6 38.2 951 $o. 1] 58.2 
2125. 918.8 66153. 4 [38.8 too] $o.s| 58.8 
3126.7 [19+ 4 67 34-2 [39-4 200161, $j117. 
27.5 20, C 6E 55.0 40, of 300 24247 176, 3 


- 


— 


—E_— 


and Meridian-diſtance. 85 
S137 dege\ 53 S[37drge| 53 & 37eſ55as 
oy legr. z degr, L *Mf io 
5 [Latitude and 2 Latitude and f: [Latituac and 
Fw Departure. * | Departure. ” | Departure. 
I Ss] G6 35127-9 21, 6s] 55+21] 41.5 
2] 1.6] 1.2 36|28.7]21.6 7c] 55-9] 42.1 
3) 2.4] 1-8 37] 29. 5 [22.2 71] 56.7] 42.7 
4| 3-2] 2:4 38] 30. 322.5 72] 57.5] 43-3 
5| 4-0| 3-0 39131-1123 4 73] 59.3] 43-9 
6| 4-8] 3.6 40] 31-9 [24-1 74] 59+1] 445 
7] 5-6] 4-2: 41] 3247 [24+7 75] 59-$| 45-1 
| 6.4] 4.8 42| 33-5125 3] 76] 60.7] 45.7 
9| 7-2] 5-4 4313+ 3125-9 77] $1.5] 46.3 
Ic 8.0] 6.0 441 35+ 1 26.5 7+] 62.3] 46.9 
11] 8.8] 6.6 45135-9271 7S| 63-1] 47-5 
liz} 9 6] 7.2 46 36.7127. 7 8c] 63.9] 48.1 
13 1094} 7.8 471 37+ 5128. 3 81] 64.7] 48.7 
14[11:2} 8.4 48|38.3128.5 $2] 65.5] 49-3 
15]12.0| 9.0 49] 39+ 1129.5 82] 66.3] 50.0 
46112.5] 9.6 50] 39-9130.1 84] 67.1] 50.6 
17] 13. 6|10. 2 51140. 7130.7 85} 67.9] 51.2 
15] 14. 4j10.8 52]41.5131.3 : 68.7] 51.8 
Iic|15. 2111. 4 53142.3]31-9 87] 69.5] 52-4 
2c[16, 0112.0 54143-1132+5 89] 70.3] 53-0 
21116, d[12.6 551 43-9 [33-1 Bc] 71.1] $3.6 
22117. 6113.2 561 44+7 133-7 9c] 7-$S| 54: 2 
23] 18. 413.0 57145- 534-3 91] 72:7] 54-8 
24] 19. 2 ]14 4 58146. 3134-9 92] 73+5] 55: 
25]20,c|15.© 59147+11]35+5t 93] 74-3] 56. 
26] 20. 5115.6 6047.9 136. 1] 94] 75-211] 56.6 
27] 21.6116. 2 61148.7 136.7 95 75.s| $7.24. 
28] 22.4116.8 62149.5[37-3 96] 76.7] 57-v] 
25[23-2117-4| 63150» 337-9 97] 77+ 5] 58.4 
3c 24-©]18.0 64151:1 38.5 9t]| 78.3] 59-of | 
31] 24. 8118.6 65151. 9139-1 95] 79-1] 59-6 
32] 25. 619.2 $6152.7139+7 1ocſ 79.5} 60.2 
35] 26.4[19.8 67153-51403 2oc|i59. 71120. 4 
34] 27. 1120.4 68] 54. 3140. gl zoc|239. 61180. 5 


A Table for difference of Latitude 


186 
S138deg.} 52 T1;8degsl 52 S138 deg.\5 2 deg* 
"1 degr. = (degr. = 
f [Latitude and Z |\.atitude and 5 [Latitude and 
| Dep: Ipar_ 4 Departure. he Departure. 
I " ' 35] 27+ 7.6 (21.6 65] $4+4| 42.5 
2] 1.6| 1.2 36] 28.4 [22.2 7c] 55.2] 43-1 
3] 2.4] 1.8 37129-2 22-8 71] 55-9] 43+7 
4] 3-2] 2.9 32] 29-9 [23-4 72] 56.7] 443 
5| 3+9] 3-1 351 39-7 1*4-© 73] 57+5] 45-© 
6] 47] 3-7 qc| 31-5 124-6 74] 58.3] 45-6 
7] 5-5] 443 41] 32+ 3 [25+ 2 75] $9+1] 46.2) 
8] 6.3] 4.9 42] 33-1125+9 76| 59.9] 46.6 
9| 7-1] 5.5 43] 33+9126-5 77] 60.7] 47+ 4 
wo| 7.9] 6.2 44] 34-7 [27-1 7b] 61.5] 48. c 
11] 8.7 A 45 35+ 5127+7 1g] 62.2 48. 6 
12] 9.5] 7. 46136. 2128.3 8© 63-3 49: © 
13]10.2] 8.0 47137-0[28.5 $1] 63-8] 49.9 
14\11.0] $.6] - 48137. 8129-6 82] 64.6] 50.5 
15j11.8] 9.2 45| 38. 6]30.2 83] 65.4] $1.1 
16|12.6] 9.9| 5c 39: 4130: $4] 66.2 51 
17]113-4j10.5 151] 40+ 2 31.4| $5] 67-of 52.3 
18] 14.2 [11.1 52|41.0]32.C $6] 67.8] 53.0 
191 15-0 [11.7 531] 41. $43 2-6 $7] 68.6] 53.6 
20| 15.8 |12.2 54] 42. 6]33+2 8b] 69. 3]_54-2 
21116. 611245 551 43-3 [33-9 8c| 70-1] 54-56 
22117. 313-6 $9] 44-1 134-5 gc| 79.9] 55+ 
23118, 1114.2 $71 44-9 [35-1 g1] 71.7] 5%. 
24118, 9114.5 $51 45-7 [35-7 92] 72.5] 56.6 
25119. 7115-4 59146 5 9-3 $3] 73-3] 57-3 
26|20.516.C 60147. 3 136 v 94] 74-1] 57-9 
h7|23. 3116.6 61148. x [37.6 95] 74S] 58-5 
28]22. 1017-2 62] 48. 9 [38.2 96] 75%] 59-1 
25|22.9]17-$ 6149-6 ]38.8 97] 76-4] 59-7 
zo 23. 618.5 6450+ 4 [39-4  9E| 77-2] 60.3 
31 24. 4119-1 65]51,2 [40.0 9s 78.c 6], ) 
132] 25-21]1947 66|52, 040. 6 1cc| 78.8} 61. 
331 26.0 20.3] 67] 42-8 [41-2 | ij 61123. 1 
34t 26; $920, 5364419 - [zoc[236. 41184. 7 


| 


NO m3 &E wn + w © ry Kates... 0 HY 


and Meridian-diftance. Y 7| 
de I | Chodg 51 | | <|1ode|p14s 
OY F a = depr, © ; 
| nd Z f | aticude and 
owns , j nmr Ag _ 
Pe 35 27.2 22. © 65] 53-6] 43.4 
= wS 36 ah.oſ22.9 7c| 54-4] 44.0 
1.9, 3712.7 [23.3 71] 55.2| 44.7 
3 2.5 38| 29.5[23.5 72] 55+9| 4543 
3. 1 39139 3]24 5 75] 59.7] 4549 
os ”'s 4C} 31.1125. 2 -4] 57-5] 46,6 
54/44 41131-5125. 75] 58. 3] 47.2 
Ts —-- 42132. 6126, 4 7<| 59+1] 47.5 
| 431 33+ 4127-1 7] 59-8| 48.5 
7's 2 M4 34 2127.7 7*] 50.6] 49.1 
7 _ 45|35-© 28; 3} is] $1:4] 49-7 
OIEO® 46 35+7128. of Sc| 62.2] 50.3 
-- 4- 47136. 5129. 6} 81] 62.5| 51.0 
ag 8.8 40] 37+ 3130. 2 82] 63.9] 51.6 
wage 49 38, 1 30.5 8-| 64.5] 52.2 
mage 50g. 50 38. [31.5 84] 65.3] 52.5 
— 1139. 6[32, 1 85] 65.1] 53.5 
t3.2[10.7 y = ap 82| 66.8] 34.7 
I4, CiTY 3 7 41 2033: 4 $- 67.6 54.7 
+454 4p -- I © ve] 68.4] 55.4 
t5e 5112-6 5941-9134. bt] 68.4] 55-4 
13.2 $3] +2+7134. 6 8| 69.2] 56.c 
" 3-8 5 43-5 33-2 gc| 69.5] 56.6 
Yo +4 57 +$* 3 [35-9 9'l 7031] 57+3 
b:5115.1 59[45-1136.5 $2] 71.5] 57es 
mg t5. 59145- $137. 1 93] 72-5] 58.5 
N ; £4 158[46.6[;7.$ 94 Lg _ 
. . 95] 73- ; 
<ap4 «x p ” =o Ap. $g6| 74.6] 60.4 
225 iS $3148.9[39.6 97] 75+4] 61.0 
ws. — 64/49. 7 [40. 3 9<1 76-2] $1.7 
3 [2 65 50. 5|40.9 9S]} 76.5] 62.3 
1h <-<f 66151.3[41.5 lcol 77.7] 62.9 
yg => 67 52.1 42.2 20C|I55. 4 o_s 
by 21.4 68|52.8 42 20c 233. 11188. 


bm 


 —— 
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88 A Table for difference of Latitude 
I jobs FX © [40 deg. * 6 ” codgſyode 
> egr. Ss b I 
2 Latitude and & | atitude and ; Latitude = 
* | Departure. Tn; Departure. "oY Departure. | 
1 . 6 35 ICT 6g] 52.9| 44-3 
2] 1.5] 1.3 36] 27-6 123-1 7c] 53.6] 45-0 
3] 2.3] 1.9 37] 28-3 123-6 71] 54-4] 45-6 
4 3-1] 2.6 38] 29-1124 4 72] 55.2] 46.3 
5| 3-8] 3.2 35[29-9125-1 73] 55-9] 46.9]. 
6] 4.6] 3.6 4c| 39. 6125.7 74] 5647] 47.6 
7] 5-4] 45 41] 31-4 [26.3 75] 57+4} 48.2 
8| 6.1] 5.1 42] 32-2[27-0 76] 58.2] 48.5 
9| 6.9] 5.8 43] 32-9127. 6 77] 59+0| 49.5 
Io] 7.7] 6.5 44] 33-7 [28-3 _7*| 59: 71_50-1 
11] 8.4] 7.1 451 34- 5123.9 751] 60.5] 50. 
12] 9.2] 7.7 46] 35+ 2 [29.6 61.3] 51.4 
13]10.0] 8.3 474 36. 0130. 2 81] 62.0] 52.1 
14110.% | 9.c 451 36.8130. 9 82] 62.8] 52.7 
I5[11.5] 9.6 45f37-5Þ1-5 83] 63-6] 53-3 
16|12.3[10,; 5<[ 38. 3132-1 84] 64.3] 54-© 
17]13.0|10.5 511.39. 132.8; 85) 65-1] 54-6 
18|13.8]11.6 52] 39- $1334: $6] 65.5] 55-3 
i9114.6112,2 53] 49. 6134-1 7] 66.6] 55.5 
2015.3 [12.5 5441+ 4Þ34-7 Be] 67.4] 56.6 
21116, 1113.5 55142. 1135.3 8c| 68. 2] 57.2 
22] 16.9 [14.1 56142.9 136.0 gc} 68.5] 57.5 
23117.6114.8 57143+7 136.6 91] 65.7] 58.5 
24118, 4115.4 55] 44- 4 [37+ 3 92] 70.5] 59-1 
25119, 2116.1 55145-2 137+9 93] 71.2] 59. E 
26|19. 9116.7 50146. 0138. 6 94] 72.c] 60. 4 
27/20. 7117+ 3 $1146. 7 139.2 95] 72.7] 61.1 
28/21, 418.0 62147. 5 [39-9 96] 73.5] 51.7 
29122,218.6 53148. 3 [40.5 97] 74. 3] 62.3 
30| 23, 0]19-3 64/490 [41-1 9] 75-1] 63-0 
31] 23.7 [19.9 65149. 8 141.8 95] 75-8} 63.6 
321 24.51]20.6 66|50,6 142. 4 10c] 76.6] 54.: 
331 25. 3 [21.2 67151. 3 [43-1 20C[153. 21128, 6 
[341 26.0121.5 68)152.1143.7 [3co[229, £ 192.t 
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& wo 49 S141 deg.] 49 Clidgliode 
| Aegr, T eey. &1.---- + | 
5 Latitude anc 3 [Latitude and © |Laticude and 
Departure, * | Departure. | 5 | Departure. 
I $4” 9 35 ae ag. 6c] 52+1] 45+ 2 
2] 1.5] 1.3 136] 27-21[23.6 7c| 52.4] 455 
3] -3] 2.C 37127+9124+3 71] 53-0] 46.6 
4| 3-0| 2.6 35128. 7 [24.s T2] 54-3] 47-2 
5] 3-8] 3-3 35|29- 4 [25.6 73] 55-1] 47-5 
6] 4+-5| 3-9 4C| 30. 2 |26. 2 74| 55+] 48.5 
71 5-3] 46 41130.9126.9 74] 56. E] 49. 2 
8| 6.0| 5.2 os [42]31-7[27-5 76] 57+ 4] 49. 6 
s| 6.8] 5.9 43132. 4[28. 2 77] 58.1] 50.5 
z0l 7:51_6:6 44/33: 2128-9 78 58-5 51-2} 
8.3] 7.2 45] 33-9 [29+ 5 75| $9-E| 51.8 
9.1] 7.9 46] 34.7 130. 2 8c| 60.4] 52.5 
9:8} $8.5 47] 35-4 130. 5 81] 61.1] 53.1, 
10.6 | 9.2 4b] 36.2 [31.5 82] Gl,c| 53.8 
11.3] 9.8 45|[36,9 [32-1 83] 62.6] 54.4 
I2,1jI0,5 SC| 37.7 [32.5 84] 63.4] 55-1 
1248 [11,2 51138. 5133-4 85] 64.1] 5547 
13.6 [11.8 52] 39. 2134+ 1 $6] 64.5| 56.4 
I4.3112.5 531 40.0134. 8 7| 65.6] 57.1 
15.1 113.1 54[40+ 7 [35-4 BY[ 66.4] 57-7 
l5.9113.5 55141. 5136.1 Bs] 67. 1] 53.4 
16.6[14. 4 56142. 2136.7 9c} G7.c| 59.C 
17.4[15.1 57143-0374 915 68.7} 59-7 
18. 1115.7 58143. 8130.0 92] 69.4] 60.5 
18.9116. 4 59| 44+ 5 [38.7 931 70.2] 61.c 
I9.6117.1 50[45+ 3 [139+ 4 94] 70.c} 61.6 
20, 4117.7 61146, $140. © 95] 71.7] 62.; 
21.1118, 4 62/46, $ |40. 7 96| 72.4] 62.5 
21.9|19.C 53]47+ 5 [41+ 3 97] 73-2] 63-< 
22, 6119.7 54|48. 3 [42.C SE] 73-4] 64-3 
23.4120. 3 65] 49+ © [42.6 9s] 74-3] 6+£ 
24.1|[21,0 66] 49. © [4345 tOch 75.5] 65. 
24. p 21,6 67150. 6143.9 20G]150.c[131.7 
25.0122.3] *' 68|51. 3:44. 6 zodſ226.91196,< 
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[26.0 
26.7 
27.5 
28. 2 
29, © 
29.7 
30-4 
31.2 


31.9 
44[32-7 


33-4 
34-2 
349 
35+7 
36.4 
37-2 


23.4 
24.1 
24.7 
25.4 
26,1 
26,8 
27.4 
28.1 


(32.1 


[42 deg+\48 deg- 
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Z and Meridian-diftance. g1 
S143 4s] 47 S143 degs #} S143 dl47dn 
w . \ ry gr. w | 
| pombe R Latitude and 2 Latitude and 
: Departure. i Departure. "46 Ncparture. 
I 7 7 35125. 6123.9 6c] 50.5 7-0 
2] 1:5] 1.4 36] 26,3 124-5 7c] SI.2]| 47.7 
3} 2+2] 2-0 37] 27.0252 71] 51.9] 48.4 
4) 2-9] 2.7 38| 27.8125. 9 72] 52.6] 49.1 
5| 3-6] 3-4 39] 28.526, 73] 53-4] 49-8 
6] 444} +1 40] 29. 2 1273 741 534-21] 50-5 
7] 5-1] 4.8 41] 30, 0[28,0 75] 54.8] 51.1 
8| 5.8] 5.4 42] 30.7 [28,6 7] 55.6] 51.8 
9| 6.6] 6.1 43|31.4[29.3 7:1 56-3] 52-5 
10 7316-8; 44| 32+ 2130.0 71 57. 0 53-2 
11] 8.0] 7.5 45] 32-9 [30.7 75] 57-8] 53-9 
12] 8,8] 8.2 46| 33-6131. 4 8c| 58.5] 54-5 
13] 9:5] 8.9 47] 34- 4[32- © *81] 59.2] 55-2 
14/10, 2| 9.5 48] 35. 1132.7 | 82] 50,of 55-9 
I5| 11, 0|10.2 49] 35+ $133. 4 8:] 60,7] 56.6 
16]11, 710.9 50] 36. 6134. 1 84] 61.4] 57+3 
17[12.4|11.6 51137» 3134-6 $5] 62,2] 58.0 
18] 13. 2[12+3 52138, 0135.5 86] 62. 5| 58.7 
i913. 9113-0 53138. 8136. 1 87] 63.6] 59-3 
2C 14.6]13-6 5439-5 36. 5 vt 64.51] £0.c 
21| 55. 3 [14-3 55149-2137. 5 8c| 65. 1] 60.7 
22116, 1115.0 56] 40.9138. 2 9c] 65. 8| 61.4 
23116, 8115.7 1571 41+ 7 39. 5 91] 66,5] 62.1 
24] 17.5116. 4 5814244139. 5 92] 67.3] $2.7 
2918. 3117.0 591 43-1 [40.2 95] 68.0] 63.4 
26] 18, 9117.7 60] 43-9 [49-5 94] 68.7] 541 
271 19.7118. 4 61]44.61]41.6 95] 69.5] 64.C 
28] 20, 519.1 62145. 3 [42.3 96] 70.2] 65.5 
25| 21. 219.8 63 =_ 43-0 97] 70.c| 66.1 
3c} 21.9120.5 64146.5143. 6] _9e] 71.7] $6.c 
31] 22,7 [21.1 65] 47+ 5144+3 99] 72-4| 97:5 
32] 23.4 [21.8] , 66] 48.3145.0 1co| 73.1] 68.2 
33] 24» 4 <ap- 67149. 0145+ 7 20c[146. 3[136. 4 
341 24. 8123.2 68] 49. 7146. 4 z0cl219. 4'204. 6| 
N 2 
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| $ 
Sl 444g-| 45 = | +4 deg] 46 E144 deg-|46 deg, 
2 tegr. © egy. © | 
R [atitude and & | atitude anc 4 ' attitude and 
” | Departure. : Departure, * | Departure. 
M---91-- 7 35] 25-2 [24-3 6g] 49:6] 47-9 
2| 1.4] 1.4 36] 25-9 125-0 7c] 50.3] 48, 6 
3] 2.2] 21 37126.6125-7 71] 51.1] 49.3 
4| 2.9] 2.9 3*]27-3126.4 72] 51.8] 50.0 
51 3-6] 3+5 c|28.0]27+ 1 73] 52.5] 50.7 
6| 4-3] 4-2 4c| 28.8127.8 74] 53-2] 51-4 
7] 5-0] 4.$ 41]29-5|28.5 75] 53-9] 52-1 
&| 5.8] 5.6 42] 30.2 [29.2 76] 54.7] 52.8 
gol 6.5] 6.2 $431 39-9 129-9 77] 35-4] 53+5 
to] 7.2 6.5 44 31.6 JO, 6 _7$1_56-1] 54-2 
11].7.9] 7-6 45] 32- 431-3 7s] 56.8] 54-5 
12] 8.6] $.3 46] 33+ 132-0 S$c| 57-5] 55-6 
13] 9.3] 9.c +7] 33+ $]32+7 $1] 58.3] 56.3 
14|10.1] 9.7 45] 34+ 5]33+ 4 | 82] 59.0] 57.0 
15] 10.8 ro. 4 1c] 35-2]34-0 83] 59-7] 57-7 
16[11.5 11.2 5<| 36. 01]34-7 84] 60.4] 53. 4 
17]12,2 [11.5 51136. 7135-4 85] 61.1] 59.c 
18|12. 9412.5 32] 37. 4136-1 86] 61.5] 59.7 
i9|13.7 113-2 53] 38. 1]36. 5 87] 62,6] 60,4 
20][14.4[13.< 34 38.8 37+5, ve 63.3] 91-1 
21115, 1 14, 6 551 39. 6 [38.2 8c} 64. of 61,8 
22 15, 8 15.5 56140 3 >8:9 gc] 64.7 62.5 
23116, 5 [16,C 5714$1-0 139.6 G1 65.5 63.2 
24117. 3[16.7] 5e]41. 7 140-3 9% 65.2 63.9 
25118, 017. 4f 5$|42+4 [41.0 $3] 66.c| 64.6 
26118, 7 [18.1 5c| 43+ 2 141.7 | 94] 67.6] 65.3 
27119. 4 (18.5 311 43+ 9 [42.4 95] 68,3] 66.c 
28] 20. 1019.5 52] 44.6 [43-1 ge] 69.c| 66.7 
29] 20, 9 120. Iþ 531 45+ 3 43-5 97] 69.8 67.4 
30\21, 620.8 64/46. 0 [44-5 ge] 70.5] 69. 1 
31122.3121.5 65/46.8 45-8 '9c| 71,2] 6% +& 
2]23.0]22.2 66!47-5 [45+ 5 wor 71.ch 69.5 
33| 23-7 [22-9 67148. 2 145.2 2CC|143:S(1358. 1 
24 24.5 [23.6 68 48.9 147-9 zoc|215:212c8. 4 
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S145 deg 45 S454 45 S145 deg445 deg. 
= egre w ae Fe | 'y 
2 [Latitude and Latitude and 5 [Latitude and 
| Departure. * | Departure. | Dcggreure. 
i 74 7! 24. 7 [24-7 65| 48. 5| 45. 5 
2] 1.4] 1-4 25. 4 [25+ 4 7<| 4945] 49-5 
3] '2-I] 2.1] 26,1126.1 ' 71] 50.2] 50.2 
4] 2.8 2.8] 26,8126. 6 72] 50. 9| 50.9 
5| 3-5] 3-5 27.51]27+5 '73] 51-6] 5r.6 
\ 6] 4.2] 4.2 | 28. 3 [28. 3] 741 52-3] 52.3 
7 4-9] 4-9 29, 0129.0 75] 53-0] 53-0 
8] 5-6] 5.6 29. 71*9-7 7%] 53+7] 53+7 
g| 6.4] 6.4 30. 430. 4 77] 54-4] 54-4 
ic 7-1 | 7-1 $41 31;1131-1 781_55- 1] 55.1 
11] 7.8] 7.8 31.8131.5 | 7s| 55+8] 55-5 
12] 8.5] 8.5 32.5132-5 8c| 56.6] 56.6 
tz] 9-2] 9-2 33-233 7 81] 57-3] 57-3 
'J14] $9.9] 9-9 33-9133+-$ 82] 58.c| 58.0 
15]10, 610.6 34-6134.6 82] 58.7] 58.7 
16[11, 311. 3 35+ 3135-3 84] 59:4] 59-4 
17]12. 0112.0 36, c[36.c 85] 50,1] £0.1 
18] 12,7112.7 36.7136.7 86] 60, 8] 60, 
Is [13-4134] 37+ 5137-5 87] 61.5] 61.5 
2C| 14. 1114-1 54138. 2138. 2 ve] 62,2] 62.2 
21] 14. $|14.5 38.9138.9 8c| 62.5| 62,5 
22115. 5[15.5 135+ 6439. 6| gc|- 63,6] 63. 
25116, 3[16.3 40. 3 [40s £ 91] 64.2] 64.2 
24] 17,©|17.C 41.0]41.C 97] 65.c 65.0 
*5117+71'7+7 +147 [417 &3] 65+7] ©5+7 
26118, 4118. 4 | 42+ 4 [42+ 4 94] 66,5] 66,< 
271 19,119. 1 43.1143] 95] 67,2] 67.2 
22] 19, $119, 8 43.8143. 8 96] 67,&] 67 £ 
2c[20,5}20.5 44+. 5 [44-5 97] 68. 6\| 68, 
3c} 21,2121.2 64145.2 145. 2 90] 69.3] 6%. 3 
! ks hi wt, 6.2 ahudl b.2 ad == 
z1[21.9|21.9 55] 45» 9145-£ gc} 70.c| 70.C 
32] 22,6[22,6 46,6 [46.6 ioc| 767; | 70.7 
351 23-3 123-3 47. 4 47+ 4 2CONIT..4fIIL.4 
32] 24. 0124.4 48.1148. 1 ocl12. 11212. 1 
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CHAP. XIIL 
The Uſe of the Tables in Plain Sailing. 


Heſe Tablts (as I ſaid before) Mr. Colſome hath been pleaſed 
co place ih his Book called his New Kalender, and both there, 
and of late in my Fathers Seamans Praflice, they be printed 

with Complements below, which my Father (were he alive) would be 
aſhamcd to ſee : for without that, *tis far caſier to know the Soutbin 
or Northing, from the Eaſting or Weſting, by the Conrſe from the Soxt 
or North, Eaſt or Weſt ; for let the Courſe be what it will, from the 
North or South, under that is the difference of Latitude in the Colume, 
againſt the diflance run 3 arid let the Courſe be what it will from the 
Eaſt or Weſt, 'undtr that in the Colutne againſt the diſtakce ran, is 
the Eafting or Weſting : As, ſuppoſe the, Courſe be South, 40 d 
Weſterly, againſt the diftance r#n, and under 40 degrees, is the diffe- 
rence of Latitude, and againſt that, in the nex« Colume, is the Meridjau- 
diftance, and the Cotrſe from the Exft or Weſt is 50 deg. over that Colame, 
(as you may (ee in the Tables.) | | 


How to keep a Reckoning by the Tables. | 
Suppoſe upon the 10th of June 1683, being Friday, I _ a 
tude) end ſailed 


certain place that lieth in 32 deg. 20' (of North Lati 
4 followeth. 
Day | 
Fane 10 Courſe, Miles. North Weſt. 
11 Satwrdey NWbyN 9g0| 74 4 50 3 
12 Sunday | NW |j 100 | 70 7] 70 7 
13 Monday NE: | $9 | 62 3| 62 3 
| o 715 70 
14 Tweſdly NW [000 at $4 
| 15 Wedneſday [WNW | 100] 37 5] 327 
i 16 Thurſday | o__ i00 | oo ; 100 © 
17 Friday | Wekt' | 7s | oo cl 78.0 


For 


in Plzin Sailing. 95 
For the waking Gly Took in the Tables ( befoxe ſet down ) and 
conſider the Counle is 34 deg. neareſt ( look for 34 deg. ) and again(} 
»the diſtance ruri, the furſt day 90 miles, in the Colume under 34 degs 
I find 74 6, that is, 74 miles 6 tenths; which is my Northing made 
that 24 hours, becauſe it's under the Courſe ſailed from the North : In 
the next colume, and under 56 deg. 1 find 50 miles 3 tenths for my 
Weſting, becauſe *tis under my Courle from the Weſt : Set it down (as 
you ſee againſt Saturday) and when *cis in that order, I haye my Co- 
lumes ruled ( as here following you (ce ) for my Reckoning 3 and ſet 
down the 11th $&t#rday. Betoxe you proceed farther, conſider what 
you muſt dv with your difference of Lazitude : Now becauſe 1 am in a 
Nerth Latitude and have gone to the Northwards, therefore this 74 
wiles 6 tenths, or 75 miles, (for 6 tenths is above half a mile) muſt be 
converted into ws ap and minutes, by ru of it by 60, and it is 
I deg-15' : that adde to the Latitude 1 departed from yeſterday, vis. 
ND eas deg. 35' (the Letitwdel am in to day) ſet 
itdown.in your Reckoning againli Saturday, and in the next Colume 
beyond it ſet the Meridian-diſtagceyp miles, and fo the firft Line of 
the Reckoning will be read thus wy Th 11th day bring Saturday, I wa 
inthe Latitude of 33 degs 35', and bad Weſt Meridian-diftance 50 miles. 
And this js the meaning of the firſt days Reckoning. 
_* The next day being Sunday, I work the Counſe and diſtance given, 
as þefoxe is ſet down 3 and when 1 have added my Northing, as be- 
fare, 1 et it down as you fee Io the following Reckming 3 but my Me- 
* ridian-diſtance, being Weſting, 1 adde it to the Weſting yeſterday, and. 
it makes my whole Wefting to this time : 


That yeſterday was 050 miles. 
That to day is ©71 miles. 
The whole is 121 


Set down 121 miles in the Reckoning, and it ſtands as in the ſe 
cond Line of the Reckoning. And doing thus daily, you have your: 
whole Meridian-diſtance for any day of your. Reckgning given, by adding. 
two numbers together. 

If it fall out, chrough contrary winds, that you make Ea!irg when 
you would make Weſting, (or the contrary, as in the third davs w: rk ) 
ſubſtra?t your Eaſting ſo made, from your Weſting, and the rc:1:-irler: 
will be your whole Weſfting: The likg is to be underſtood of : +: -: +. 
Aud this is a truc way of keeping a Reckoning by Plain Sailing. 

' & you demand how you ſhall do at any time to know the bari: -: -::-. 
. ' GIL! 
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diſtance from the place you ſet, I anſwer, you have your whole Meri- 
Aian-diftance, the Latitude you are in, and the Latitxde you ſet from, to 
tind. the Comrſe and diſtance 3 and if you will, you may make a Colume 
for the whole difference of Latitude, and carry it along as you do the 
whole Meridian-diſtance 3' but 1 think it needleſs, becauſe it is but ſub- 
firaQting the leſſer Latitude from the greater, and convertingithat into 
miles, and you have the ſame thing, 

Theſe plain Reckonings doth well enough to and from places near 
the Equinoftial, or to any places that you come back near the ſame way 
you went oxt, but in other rans not : For the World is round, and Pa- 
rallels as they come nearer the Poles, are leſſer than great Cireles ;, {0 
that if a man be bound from Lendon to the Weſt Indies, it may happen 
that Weſterly winds may carry him fo to the Southwards, that he may 
make but little Meridien-diftance till he comes as far Sontherly as 
25 degrees « and when he comes home, he may- be ſet to the-Nort 
wards by Eaſterly winds, ſo that he may- make but little Meridian-4; 
ſtance, till he comes fo far to the Northwards as 35 degrees, or ſome- 
times 45 degrees. Now no 2Reckoning will -come near the 
truth in this caſe ; but ſome othe® way that will meaſure the World, 
(which is a Globious Raddy.) However, this as I ſay, doth well in 
many cales. The Reckoning is this following z which I call, An Ac- 
count of the Northing and wager; Oy: ma and Wefting, that we made 
in our Voyage from Bermads to: the Capes of Virienia, - namely, Cape 
-Henry, and commonly over the head of the:Reckoning, - right to ſome 
.Cuch purpoſe, as I have done here. | 


From 


in Plain Sailing. 97 


. From Bermuda we departed the toth day of June 1683, bein 
Friday, and were bound to Cape Henry in Virienia, which 
( as it is generally accounted) bath Welt Meridian-diſtance 
from that Iſland 420 miles, and lieth in North Latitude 
37 deg. Here followeth my Account of Northing and Sout!:- 
ing, Eaſting and Welling that Voyage. 


Mics . ' 


| Week-  [Latitudediſta-. . : | 
z days. deg. mi, Welt, Things of note in the Voyage. 
[; | | miles. ea WF. 


411 Saturday ob, [33 35 050 [Fair weather, the wind W $ W. 
1L2}Suaday obſerv.j34 46 121 |A hard Gale at N W byN. 

11 3 |Mongday obſer. [35 49' 058 |A freſhgale N W by N.we ſee a Ship. 
14)/Teſday obſer.36 os; 134 [Fair weather, the wind $ W. 
15Vedneſday ob.[36 43, 226 |A fair Southerly wind, but variable. 
16|Thxrſday ob. 136 43; 326 [The wind at.Eaff, fair weather, 
17|Friday obſerv.1z6 46 404 [The wind at Eaſt, and fair © Now] 


ind we ice Cape Henry and {et it , and it bore off us North North 
Welt, and was diſtance by eftimation, hve leagues, 


Hus you may keep a Reckoning of the Meridian-diftance, and the 
Nortbing and Soxthing of a Ship, any where, which I call Plain 
Sailing : but (as 1 faid before ) *tis-not ſufficient to-know, and do this, 
but we muſt think-of ſome other way to keep an account -of the Longi- 
trede made'in any Parallet ; which we will do, by turning the miles of 

Meridian-diſtance into degrees and minutes (every day) and fo (ctring , 
it down in a Colzme (for that purpoſe) added to this 3 and this is pro- 
perly called Mercator*s Sailing, becauſe he fhewed the firft deſcription 
of this way : and indeed that is the onely way to-keep all Reckonings 
at Sea, except a coaſting or ſhort run, or other rxns that-a man comes the 
{ame way home that he went out (ornear it} and 'in ſuch cafes, the a- 
bove-mentioned Reckoning is cxaRt enough. But'for the deing hereof, 
it 1s neceſſary that you have ſomething that will ſhew you how many 
miles makgs a degree of Longitude, in any Latitude ; and there is tuch a 
Line called the Line of Longitudes, deſcrib:d vpon the Plain Scale, with 
the manner of its Projeion, in Chap. 111. Fig, IT. The Uſe of wirich 

Scale ] thall here ſhew you. 

| CHAP, 


*o8 | Propoſitions of Plain Sailing, 


CHAP. XIV. 
Of Mercator's Sailing : And how to keep a Reckon- 
ing, according to Mercator's Projetion, by the 
Plain Scale. 


Dmit I have the ſame Reckpnixg to keep that I had before, ſet 
down the firſt days work, al have there done, and the Meri» 


dian-dift ance that I had the firſt day, convert into and 


minutes in thoſe Parallels by the Scale of Longitude, thus : what 
the middle Latitude that failed through between yeſterday and to 
day was, by adding them both together, and taking the half, and 1 find 
it was 32 deg. 57'. Fix your Compaſſes upon the Line of Chords, and 
take off that middle Latitede 3 that done, carry it to the Line of Lon- 


gitude, fixing one foot in 60, and where the other foot falls, it gives 


the number of miles that makes a degree in that Latitude, which here in 
this caſc I find-to be 50 miles to a degree 3 from which I conclude, 


that this 24.hours I have (aiked a degree of Longitude. Set it down- 


in a Colume which you muſt make on purpoſe for it, next to the Meri- 


dian-diſtance, as in the Reckoning following 3 and it is Feſting, becauſe 


the Meridian-diftance is Weſting. 

Then for the ſecond days work, Take the middle Latitude between 
the firſt days work and the ſecond, which is done by taking half the 
differcnce of Latitude between yeſterday and to day (it was the half of 
74 miles) and.adde it to the Latitude yeſterday, ( becauſe you increaſe 
your Latitude ) and it makes the middle Latitede 33 deg. 22', Note, 
That if your Latitude bad _—_—— muſt bave ſabitrated it : but your 
own reaſon will gine you that. is middle Latitnde take out of your 


Line of Chords ( as before ) and apply it to the Line of Longizade 
60, and the other foot will give 50 Joes? ) which is the number of 


miles that makes a degree in that Latitude. Now, becauſe the Meridi- 
an-diſtance is more miles than makcs a degree, divide the Meridian-di- 
ſtance by 50, and the Quotient is 1 deg. the remainder is 21. Say then 
( by the Kule of Three) if 50 miles gives 60 minutes, what ſhall 21 
gives and I find it gives 25 minutes 42 or 5 of a minute ( which fra- 
Gion) I regard not : fo that to conclude, I find this 71 mites of - 4 
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dian-diftance is 1 deg. 25' : Iadde this tomy Longitude yeſterday, which 
was I deg. and it makes 2 deg. 25', Set it down as you fee in your 
Reckoning. In this mannes you muſt ſet down the whole Mcridian- 
diſtance, and difference of Longitude in the laſt Colume ; fo that no man 
can take you unprovided of giving him an account where you arc, os 
where you were any day ſince you ſet out. 

Note, That if you be ſhortned 'by contrary winds, that you make 
Eaſting when you would make Wefting ( or the contrary ) fo that you 
make your Longitude leſs; then ſubſtrad? it : bur ſurely your own rea- 
ſon will ſuggeſt that. This may ſatisfic for Examples of this nature : 
The like is to be underſtood of any other. 

Here followeth the Reckoning which ſhould be writ over the head or 
top of it, as the other is, or to that purpoſe 3 which I omit for brevity 
fake. 


The foregoing Reckoning according to Mercator. 


— 


ig 

$0jO1 OOFair weather, the wind W $ W. 
2 25|A hard Gale at N W byN. 

$5/A hard Gale at N W by N. 

0134102 21 [A fair day, the wind Southerly. 

0226104 16:The wind Eaſt, and fair weather. 

032 z0/The wind S E, and fair weather, | 

6 461 0404107 58:South Eaſt, and fair weather. 

And we ſee Cape Henry, and it bore N N W, and by 


eſtimation it was five leagues off. 


| 


—_— — 


A Nd thus the Plain Scale will work the beſt way of Sailing to a 

minate of a degree, and leſs (if need required it), 1 call this of 
Mercator's Sailing the beſt way of ſailing, becauſe *tis moſt in uſe 3 and 
Great Circle Sailing, the neateſt way of failing, but cannot be uſed ſo 
much as this, becauſe the Land hinders you in moſt Voyages from fol- 
lowing that Arch that would lead you the neareſt way. 1 would have 
Hl men prize the Plain Scale : I am afraid there be many men that 
work by Gunter, and the Tables of Logeritbms, and the Square and Cube, 
that do not know the true uſe of ha Seale, but deſpiſe it, and know 

2 


not 
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not what they do in thoſe deeper things, for. want of knowing this 
well. ( Thisas TR by the way.) 

I do not know any better way of keeping a Reckoning than this:; 
but it will be fomeching abreviated, when you — it by the 
Complement of the Latitude, in proportion with-Radins. But I ſhall 
come to that in order. _ 


But again, by this Plain Scale. 


Wi you have found how many miles makes a: degree in the mid- 
dle Latitude, your beſt way is to work your Meridian-diftance, 
thus : Say (by the Rule ot Three) If ſo many milcs (admit it were 49) 
givcs 60', what (hall your Meridian-diftance in miles give ? what comes 
out, is leagues of Longitude 3 that divided by 60 (it the number be #- 
bove 60) is degrees, and the remainder. minutes of Longitude 3 if Icfs 
than 60, they be minutes; ; 


” *_ CG — tt, AM 


CHAP. XV. 


The Deſcription or Projeftion of the Plain Sea-Chard, 
or any plain Plat or Draft. 


Or Coaſting, the onely thing is ſuch Ghards or Plats that have. a 
karge- Scale, and ſo the trug diſtances and Courſes from place to 
place will be the more exaQ, and the dangers the more perſpi- 

cuous. The manner of making theſe Drafts, is on this wile. 

Suppoſe I have a'Skin-or clean Skins upon a Board (which may. be 
reſembled by this tollowing) and have a mind to make ſuch a Draft as 
this is here, by another of the ſame Scale: I'll rake off the Land from the 
other with oyled Papers fittcd for that purpoſe,and*having ſome North 
and South, Eaft and Weſt Lines drawn here in this: as is in that, VI! 
lay them Pa with the Land taken off- in them by the ſame Lines 
here as I did there, and with a Penſil-of braſs Pll run the Land over, 
and it will leave the impreſſion of the ſame- on the clean Plat, that 
draw out ( ashere ); this done, from one Center ( as here;npon ©) 
Ceſcribe a Circle with as large a Semi-diameter as the Board or Plat 


will bear, and: divide it into four equal parts, for the North, _ 
: alt 
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Eaſt, and Weſt points of your Draft, and draw them, as here N ©-S 
and W © E. ( Note, They muſt be parallel Lines to them Eaſt and 


® Weſt, North and South Lines, which are drawn before you laid down 


the Land.) This done, . divide your Circle into ſixteen equal parts 3 
and from them parts draw from one of them, through every one of 
them, a Line from ſide to fide of the Draft, and it will make 3o points 
at the Center, beſides the Meridian it ſelf; And becaule there are 15 
ſuch points, every one. will be two points for a North by Weſt Line, 
drawn through muſt bc from that Center a South by Eaft Line alfo 3 
and ſo of the zeſt, As for the Line.or.two points which be wanting, 
in the next Center you will have one run by itz fo that from- yous 
firſt Center *tis but drawing a Line parallel to it, and you have 32 
points : and thus do by the reſt, It. you will, you may make but 
eight Centers, unle(s it be in a large Draft, I divided the firlt Circle 
here into 32 points,. but 16 is the number that is uſed for theſe Cen= 
ters; and therefore draw no more till your other Lines be all drawn, 


for fear, of miſtaking, 


i 


” 


CHAP. XVI. 
The Uſe of the Plain Sea-Chard. 


He Uſe of this Draft is very cafie and common, ſo that *cis but 
if ſuperfluous to ſpeak of- it. However, I'll ſhew it here. If 
you would find how one Lard bears from another, fee what 
point runs neareſt from one Land to the other ; and if it be not exact, 
take half between that and the next point, or a quarter, and run it a- 
long, and mind what point it is neareſt to, and which way your Fra- 
Rion is from that point, and ſo count theig bearing, 


EXAMPLE. 


I would know how the Northermoſt part of the Iſland at A bears 
from B, I fix my Compaſſes at B, and-looking, I ſee the Line CB 
run ſomething near itz but taking my Compaſſes,and from B ſweeping 
that Line, 1 carry it along and find it bears fome of the Iſland to the 
Northwards, and but a little ; fo that 1 gueſs the Courſe will be ſome- 
thing more Weſterly than that Line (which is South Weſi by Welt F 
an 
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and therefore will count it South Weſt by Weſt 5 Weſterly. The like 
of any other. n 

Secondly, if you would ſet off any diftance failed upon any Courſe, 
take the diſtance from the Head Land or place to the point of the Com» 
paſs that you ſailed on, jult (weeping it, and carry it along a good way 
trom thence in that point 3 then lay your Scale from the place you 
would ſet off from, ſo as the Compaſſes may juſt (weep the Scale, and 
take your diſtance that you would ſet off, and ſet it from the place by 
the edge of your Scale, and there is your Ship or the place you defire, 
becauſe the cdge of your Scale is parallel to the Line or Point of the 
Compaſs you would ſet off. 

Thirdly, If you would know the Meridian-diftance between two 
places, 'then take the neareſt diſtance between the place and the next 
Meridian-linc that runs between them, aud carry that by that Linc, 
till you come to have the other place Eaft or Weſt off you, according 
as it falls 3 and that done, continuing that foot which you run from 
the Land in that place it falls tobe, extend the other to the Head Land 
orplace appointed, and that apply to your Scale, or graduated Meridi- 
= and it gives you the miles or cagues of Meridian-diftance requis 


EXAMPLE 


Admit I would know the Meridian diſtance between A and B, the 
neareſt Meridian-line to A is E 3 Filſ#ep that Linefrom A, and 
it in the ſame Line with that extent from the Line Wetterly, as 1 xook 
it,till 1 come to F' ; and then from that diſtance Welt there I'll extend 
my Compaſſes to B, and apply it to my graduated Meridian, and it 
makes 37 leagues upon the Meridian, or 1 deg. 51". | 

If you would tind the difference of Latitude between two places, do 
the ſame from Faſt ar.d Weſt Lines, as you did here from a North and 
South Line, | 

Laſtly, if you wonld find the Latitude of any place, take the neareſt 
diſtance between that place and+ the next Ealt and Welk Line between 
them, and run it along that Line till you come to the graduated Meri- 
dian, (keeping the foot of your Compaſſes that you run from the place 
the ſame way) and-it will cut the Mcridian-line in that Latitude which 
the place lics in you delice. | 


The ProjeSiion of the Quadrant. toy 


EXAMPLE. 


If 1 would know what Latitude the point A lies in, I fx my Com- 

es in A, and ſweep the Line O, and run it to the Meridian-line, and 

it falls at K, which is 32 degrees, the places Latitude required. The 
like of any other. 


CHAP. XVII. 


The Deſcription, Projeftion, and Uſe of ſuch Inſtru- 
ments as at Sea are fitteſt for Obſervation for 
finding of the Latitude. 


I. The Projettion of the Sea-Quadrant. 


His Quadrant conſiſts of no more but go degrees, or 
a quarter of a Circle : in the great ArchE F is 30 
degrees, and in the little Arch $ T is 60 degrees, 

cut off upon theſe Arches, from the Arch of 90 degrees DCB ( the 

Arch DC being equal to E F, and CB equal to T'S, and all of them 

deſcribed from that center where the Horizon Vain ſtands, which is at 

A ): fo that for the making of it, 'tis but laying down the 90 degrees 

of the Quadrant D AB, and from it project your Quadrant at what 

dimention you pleaſe; but commonly the ſemi-diameter of: the little 

Arch ( whichis AS ) is one third of the ſemi-diameter of the great 

Arch AForAE. 


Fip. I. 


Now to obſerve with this Inſtrument. 


Here are three Vains, as RKA: That at R is the Sight-Vain, 
that at K is the Shade-Vain, and that at A the Horizon-V ain. 

The Horizon-V ain is ſet home to the center of the Quadrant, ( as you 
may fee at A) the Shade-Vain is always ſet on the 6oth Arch at any 
fifth degree, as at 5 degrees, 10 degrees, &c. and there regains with- 
out alteratiop 3 the Sight-Vain is always ſet on the 3oth Arch, and is 
to be removed as the Sun riſeth. There is a little hole in the Sight= 
Fain, through which you look upon a Line that is in the Horizon-Vain 
| from 


P 
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from the upper ſide of a ſlitthere, through which you {ce the Horizon 3 
and this in is to be removed ſo as to ſee the Horizon, the ſhade of the 
Shade-Vain, and the ne en the upper edge of the Horizon-Vain, all in . 
one exa&tly, and then it is right ſet z and as the Sun riſeth it will re- 
quire to have the Sight-Vain removed lower ( which do ) ſtill till the 
Sun be up or upon the Mcridian that day 3 and then you will find it 
will requirc to be removed back again : by which you know the Sun. 
is upon the Meridian therefore let all ftiand till you (ce ir doth ſo, and 
{ce what you have upon your —_ thus. : IL 
Count from the Sight-Vain K how many deg. there is to E, and alſo 
what number of degrees and minutes there is on the great Arch frm 
R to E, and adde them together,that ſam is the Complement of the Suns 
Neridian Altitude for that day 3 which work as I ſhall ſhew ( in Rules 
for.that purpoſe ) to find the Latitude, This Inſtrument” is the beſt 
that 1 know, to obſerve the Sun at Sca with. There is a Line from 
the little hole in the Sight-Vain to the Graduation from which you epunt 
what's upon the great Arch, This great Arch is-ſo large, that the de- 
grees are Cub-divided into ſix parts,cach part being 10 minutes of a de- 
gree, ſo that you may take it off to a near ſcantling z but to be more 
cxad, that Arch hath commonly a dizgonal Line on it, by which you 
may take it to ſeconds of a degree + but with care you may do as well 
without it, 


Il. The Projeftion of the Crofs-ſtaff. 


7, IL. J7lrft, upon a Board fitted for that purpoſe, draw the Line 
Fig U FE AE, and from A rai'e the per "bs Line AL], 
and (making, A the centcr) deſcribe the Arch LE ( which is a 
drant ) divide it into two parts in the point S, and the half SL di- 
vide into. 90 equal parts, (though here *tis but into 9, by reaſon of the 
ſmalnc(s of the Circle}: Theſe parts muſt be ſub-divided cach into ten 
parts in your work of that largencſs for uſe. And from A draw 
| incs from every ſinglc degree and 10 minutes of a degree, as here is 
done: to every ten degrees. This done, for the 20th fide of your Scale, 
through che; 20th divition, at 20, draw_the Line BO parallel to Al, 
and the diviſions will be made by the Lines drawn from A, 

Allo draw ( for your 60th ſide ) a parallcl Line to Al from 60 in 
the Circle, as C K, and the Lines trom A dividcs that: The like from 
yo, And in this manner 4s the Croſi-ſtaff projefled. But be very Cx- 
act in Cividing your Circle 4 for cl{c ic will fail much, it bcing the 
vature of a tangert Line to ran fo edging to a Line it _ Ge 
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diviſions being thus laid down on a Board, you may take them off and 
ſet them on your Staff provided for that purpoſe : If you will, you may 
make a tenth ſide after the ſame manner from 10 on the Circle, 

- Laſtly, for the length of the Croſſes, they be as followeth. 

The Croſs for the fide that goes but to 10 degrees, ſhall reach from 
rc, degrees to 8 deg. 341” on the tenth fide, or the half length of it is 
from 10 degrees to 9 deg. 12', 

The Crcls for the fide graduated to 20 degrees, Is twice the length 
of AB. 

The Croſs of the thirticth ſide ſhou!d reach upon the Graduation 
ſ;-m 30 to 19 deg. 47” (if you make ſuch a fide) which indeed is com- 
TM, 4 ; 

The Crofs for the fide graduated to 60 degrees ſhould reach from 
60 degrees (on that fide) to ” deg. 00', 

T:c Croſs for the fide graduated to 90 degrees, ſhould reach from 


90 to 36 deg. 52", 


Tie Uſe of this Staff in obſerving the Sun or Star. 


Ur: one of the Tranſomes on, and ſet the center-end of the Staff* 
(that is the end at B) tothe corner of your eye, and remove that 
Tranſonie upon the Staff till you bring the center of the Sun and the 
Horizon to be jult clear of the ends of the Tranſome, and ſo have you 
ſet the Staff well 3 but if the Sun or Star riſeth, it will require to be 
removed nearer in towards your eye; if falling, to be further out, 
(which you muſt not do) but keep what was at the utmoſt rifing, and 
the Tranſome will ftand at the very degree and minute that the Sun or 
Star is at the higneſt, or the true Meridian Altitude, whoſe compt-you 
—- work by, as you arc adviſed in Rules for that purpoſe to find the 
atitude, 


III. Of zhe NoQturnal. 


Fig. III. His Inſtrument js ſo generally known, that I need ſay 

.L but little co itz and indeed a man may take the 
Guards as well, or better, without it (if he be acuſtomned ſo to do) 3 bue 
for thcir ſakes that uſe it, I'll give a ſhort Deſcription thereof . 


F Its 
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Its Deſcription. 


Hat part of it with a handle hath the outer Circle divided into * 
T ewelve parts for the twelve months, and each month into days. 
Now-theſe are counted towards the left hand, and marked with the 
tirlt letters of the months name,or more. There arc two other Circles, 
the outermoſt is divided into 24 parts, for the 24 hours 3 the other 
into 29 parts, for the days of the Moons age, to find the Moons South- 
ing and the Tydes. 

Some make one ſort of theſe Nofturnals, ſome anotherz one for the 
Guards of the Little Bear, the other for the Pointers; but you may 
know which is which : for that made for the Gnards of the Great Beer 
(or the Pointers) have the 17th of Febrwzry on the top; and if it be 
for the Gwerds of the Little Bear, the 21th of April is there, The 
back-part is divided into 32 points of the Compaſs, whereby you 
know the bearing of the Guard, and fo ( by the Table of the North 
Star ) do find his declination 3 but I think ( as I ſaid before) a man 
may better guels at it, if hx beſoaccuſtomed, ' 0 | 

The next part hath a long Index, as it were, with the edge conti- 
nued dire& from the center, and that you turn to the day of the month z 
above That is a Circk divided into 24 hours: fo that when this long 
Index is ſet to the day of the month, andthe other turned to the 
Guards, the fireight fide of that other, gives the hour of the night up- 
on the Cixcle. | 

The moveable part above hath one fide thereof from the center, and 
{ when you obſerve ) muſt be turned to the Gerard, Now in the cen- 
cer there is a hole through which you ſee the Pole-Star, and keep the 
moveable part above on the Gward, fo you may ſee what Guard it is, 


How to Obſerve with the No&turnal, 


Hen you obſerve with this Inſtrument, hold it by the handle, 

with the back-lide towards you ( but be ſure you hold it up- 

right, for what it wants of being ſo held;js a real error (which makes 

rac ſay, a man may gueſs as near without it for the Guard) but the tip 

over agaunit the handle is the beſt Guide you have for the holding of 

itupright ): It being ſo held, lock through the hole that is in the 
center upon the North Star, and the Guard, as I have laid before, 


To 
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To find the hour of the Night by the No&urnal. 


F you would find the hour of the Night by the Guards, ſet the ſhore 
| Index to the day of the month, ( a;:d be ſure kecp it there ) and 
hold it as I have (hewed 3 and looking on the North Star through the 
hole, turn the long Index to the Guard, and the edge of the ſhort In- 
dex ſhall cut the hour of the Night 3 and likewiſe, find (on the back- 
fide) what Guard itis (I mean, how they bear from the North Star) 
that ſo you may ſee the North Stars declination, cither above or under 
the Pole, 

We might find near enongh the Moons Southing, by this Inftru- 
ment, and fo Arithmetically the time of High Water; but 1 think the . 
Rulcs for that (which I have inferted ) are much better, that this will 

mY 


IV. The declination and diſtance of the Croſiers from the Soath 
Pole. 


va 


Declinacion|Diti. tx 
The NAMES. Magnitude. | Southerly. |Sou. Pol, 
deg. min. | de. min. 
The Welt Crohier 3 56 : 55 [33 : 05 
'The Eaſt Crofier 2 57 : 57 |32 : 03 
The South Crofier I 61; 28 |28 : 32 
The North Crokier 2 $5 2 33 134 2: 37 


He declination of theſe Crofiers have not been ſo well noted as to 

be in print before, (as I know of ) and indeed the greatelt notice 

that I take of any of them, is the South Crofier, or the lowelt to the 

Southward, whoſe declination and diſtance from the South Pole, I do 

aſſert to be true, from my own experience, ( not bu that the reſt are 

ſo too ) but I have not experienced them ſo much. I think my Bre- 

ther Mr. Andrew Norwood made theſe Obſervations of them, as in the 
preceding Table. ; 
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This Conſtcllation is called the Crofiers, becauſe they make a Croft, as in 
this cigure. And. this is obſerved 

North. of them, That when the North and 

* South Ovohfiers are direftly over ene 

another, they are upon ( or very 


Welt, * *X Eaſt, near ) the Meridian : So that by 
| louking upon them, you may knuw 

* when-to obſerve them. They are 

South. the beſt Stars that I know, for ob- 


ſervation to the Southwards of the EquinoRial. 


CHAP. XVIIL. 
Rales to find the Latitude. 


His Book, ſo generally treating of Navigation, cannot want the 
Tables of the Suns Declination, and for that reaſon I have 
placed them here 3 and for both that and ſome other occa- 
fions, that will be for the Longitudes, Latitndes, Declinations, and Right 
ru of ſome of the principal Stars: I have ſet thcra down here, 
after the Tables of the Swns Declination. I have alſv ſet-down the 
ſeaſons for the Stars coming upon the Meridian at four of the Clock in 
the Morning, by which you may guels their other times of coming up- 
on the Meridian 3 for that Star that at any time propoſcd is upon the 
Meridian at four of the Clock in the morning; will bz upos the Meri- 
"diari at three of the Clock about fifteen days after, and fo about a 
month aftcr, at two of the Clock; and that's the reaſon 1 fer rheir 
ſeaſons down to them at four of the Clock in the Morning, becau(e you 
will have their ſeaſon backward the whole night, they coming fooner & 
ſooner every night to the Meridian, If you defire to know the time of 
a Stars coming to the Meridian for any day, you may ſubſtraQt the Right 
Aſcenlion of the Sun that day from the Right Aſcention of the Star 
( adding 24 hours ) the remainder ſheweth how many hours after 
12 of the Clock at Noon the Star will be upon the Meridian. 

The Right Aſcenſion of the Sun for any day will be found by his 
Declination, and greateſt Declination, as I have ſhewed before. Not- 
withſtanding, | have here inſerted a Table of the Suns Right Aſcenſion 
for every degree of the Ecliptick. And for Stars near the Equinoctial, 

or 
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or 5o degrees it, I have ſet down their Longitudes and Latitudes, 
«that ſo the Moons place may be diſcovered by her Longitude from any 
of them, eſpecially in her goth degree z whereby the Longitude at Sea 
or aſhore, may be nearly found : For the performance whereof, I have 
ſet down the Moons motion,and the beſt way I know,as you will ſee to- 
wards the latter end of this Book, I (hall refer you to that, for farther 
fatisfaQtion herein, and ſhall treat now of the Rules and Reaſons fir. 
working an Obſervation by the Sun or Star 3 which I am the willing- 
er to demonllrate, becauſe I am ſure many work Obſervations, and 


know not the reaſon why they adde or ſubltraQ. 


The Rules, and the Demonſtration of the Rules 
for finding the Latitude by the Suns height from. 
the Horizon, or diſtance from the Zenith, by 
the help of the Table of the Suns Declination, 


are as followeth viz. 


&  KULEL 


If the Sun be on the Meridian South, and have South Declinati- 
on, ſubſtraft the Declination from the Complement of the Meri- 
dian- Altitude of the Sun (or the diſtance from the Zenith) the 
Remainder is the Latitude of the place North; but if the De- 
clination exceed the Zenith-diſtance,then ſubſtraft it from the 
Declination, the Remainder is the Latitude South, 


EXAMPLE 1. 


Suppoſe being at Sea, and the Sun being obſerved to be on the Me- 
ridian South 37 deg. 3o' from the Zenith, or 52 deg. 3o' from the 
Horizon, and at the fame time hath 12 deg. 0o* Declination South 3 
What is the Latitude ? 

m. #d4. 


Zenith-diſtance of the Sun 37 30 
Suns Dcclination South, ſubſtrat 12 OO 


The Latitude North 25 30 


Demon- 
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Demonſtration. 0 


Fio. I. } Et the Circle ADBC repreſent the Meridian, Athe Zenith, 
& * 1 B the Nadir, GD the Horizonz then I ſet off 37 deg. 
30' from A the Zenith, to F, and this is the Complement of the Suns 
heighth (or diſtance ( at Noon ) of the Sun from the Zenith); then 
conlidering the declination is Soxth, I ſet off the 12 deg, Northward to 
A, and draw the Line ZX X for the Equinofial : (for the EquinoRial 
lying 90 degrees from cither Pole, muſt necds be to the North of the 
Sun when the declination is South.) KL is the Tropick of Cancer, 
and HI the Tropick of Capricorn : Hereby will appear plainly the rea- 
ſon of the Rule, why the declination mult be ſubſtracted 3 for it ever 
holds good, that the Equino&tial heighth of the Sun from the Horizon, 
is cqual to the Complement of the Latitude, and the diſtance of the 
San trom the Zenith, equal to the Latitude 3 in ſuch cafes as theſe, and 
the declination being Sonth, muſt be further from the Zenith, therefore 
the EquinoGtial muli be nearer to the Zenith, which is equal to the 
Latitude. x" 


EXAMPLE. 2. © 


. Suppole being at Sea, I obſerve the Sun to be on the Meridian South, 
and 10 deg. 0o' diſtant from the Zenith, and the declination being at 
the ſame time South 20 deg. 30', What js the Latitude ? 


> @< 

The Suns declination South 20 30 
The Suns diſtance from the Zenich South, ſubſtra> 106. oo 
| The Latitude South 10 30 


Demonſtration. - 


Fig. II. Tz Scheme being projcdted as before, the Suns declina- 
'L tion being South, and the Sun diſtant 10 degrees South 
of the Zenith, 1 draw the parallel of the Suns declination FI, baving 


'frſt at 20 deg. 3o' Northward,drawn the EquincGtial A &, which falls 


of nectiity 10 degs 30" to the North of the Zenith 3 and conſequently + 


the Poles being 90 degrees diſtant on cither ſide from the Equinodtial, 
the South Pole is 10 deg. 3o' above the Horizon at S, and the North 
Pole at N is fo much depreſſed under the Herizon at D: fo it is plain, 
that the South Pole is clevated 10 deg. 3o' as CS, therefore the Lati- 
tude is South. 


RULE 
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RULED. 
The Sun being on the Meridian, on the South, and the Declination 


being North,adde the Declination to the Zenith-diftance of the 
San, the ſum is the Latitude North. 


EXAMPLE. 


Suppoſe a Ship being at Sea, the Sun being obſerved on the South, 
on the Meridian-30 deg. 3o' from the Zenith, and the declination be- 
ing then 15 deg. 30' North, What is the Latitude ? 


d. 
Suns diſtance from the Zenith 30 26 
Suns declination North, to be added 15 30 
Latitude North 45 oo 


h Demonſtration. . 

. | D Y the Scheme it appears, that AF; the Suns diſtance 
Fig. Bl B from the Zenith, and F AX, the declination, make the 
EquinoGiak-difiance from the Zenith, which is equal to the Latitude, 
and therefore in this caſe muſt be added together. 


RULE II. 


The Sun being on the Meridian, on the North, and hath North 
Declination, ſubſtraft the Zenith-diſtance of the Sun from the 
Zenith, from the Declination, the Remainder is the Latitude 
—_—_ ; but if the Suns diſtance from the Zenith exceeds 
the Declination, then ſubſtratt the Declination therefrom, the 
Remainder is the Latitade Southerly. 


EXAMPLET 
The declination being 20 deg. oo' North, the diſtance of the Sun 
from the Zenith to the North at Noon 12 deg. 3o', What is the La- 
titude ? "HE 
Suns declination North 20 ©O 
Suns diltance from the Zcnith North, ſubſtract 12 30 


Latitude North ©7 30 


Demonſtra- 
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Dtmonſtration. 

Gs. He Suns diſtance North from the Zenith is 12 deg. 30's 
Fig. Iv. which is to be (ct off accordingly to F, and the decli- 
nation being, North, ſet off the declination 20 deg. oo' towards -the 
South 3 for ſo 't cazht to be, that the declination parallel may be on 
the North of th- EquinoQial : fo it will plainly appear, that the Line 
AF, the Suns dilt-ncc from the Z:nith, being taken from Z F the Sung 
declination, or diſtance trom the EquinoQtial, muſt leave A A, the di- 
ſtance of the Equinc&tial from the Zenith ; which is equal to the La- 
titude. 

E XAMPLE=2 
The Suns declination being, as before, 20 degrees North, and the 
Sun at the time of the obſervation was 40 deg. 15' from the Zenith 
Northward, What is che Latitude ? 


& a 
The diſtance of the Svn from the Zenith North 40 15 
The Suns declination North, ſubſtra&t 20 ©0 


The Latitude South 20 15 


.Demonſtration. 


a 7 He Suns diſtance from the Zenith bei o deg. 15, 
Fig. V. and the declination North, I firſt bn > _ þ: 
ſetting the Zenith-dittance to the Ncrth 3 then the decliriatide being 
North, 1'ſet it off, being 20 deg. co! towards the South, and there is 
the EquinoRtal, which I tind to be , which by the work F Z being 
ſubſtracted from AF, leaves A X, the Uquinutiakdittance from the 
-Zenith, which is cqual to the Latitude, j izen ſetting off the Polar- 
« diſtance from the EquinoGtial go degrees, we fee that the point N, or 
"North Pole, is deprefed under the Horizen at D, and S the South Pole 


Y Tos <0 Ie or rome ene ron; 


elevated above the Horizon at C, 20 deg. 15';, fothat CS is the Late + 


tude or Elevation of the South Pole. 
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RULE IV. by 
If the Sun be on the Meridian in the North, and hath South De- 
clination, adde the Declination to the Zenith-diſtance, the ſam 

is the Latitude Southerly. 


EXAMPLE. 


Suppoſe the Suns declination to be 16 deg. 45” South, and the Ze" 
nith-diitance to the North be 29 deg. 45", What is = Latitude ? 


hg © 
The Surs declination Scuth 16 45 
The Z:nith-diftance North 29 45 


The Latitude South 46 30 


Demonſtration. 

: 7 He Zenith-diftance I ſet off from A to F; then conſi- 
Fig: \ T] dering that the declination is South, I ſet it off to- 
wards the North to 'Z the EquinoGtial, both which, viz. AF and F AX. 
being added together, give the EquinoQial-diftance from the Zenith 
A AZ, which is equal to N D, or CS theLatitude, and it is South, be- 
cauſe the South Pole at S is clevated above the Horizon, and N the 


North Pole is depreſſed, 


RULEYV. 


If the Sun hath-no Declination, the Complement of the Altitude 
( or the Suns diſtance from the Zenith) is the Latitude, If 
the Sun be on the Meridian in the South, the Latitude is 
North ; if the Sun be on the Meridian in the North, the La- 


titude is South. 


Demonſtration, 


His is plain without a Scheme : for when the Sun hath no de- 
clination, then it is in the EquinoGial 3 and in all the former 
Schemes it appears that the EquinoQial-diftance of the Sun 

from the Zenith, is equal to the Latitude ; and the EquinoGtial being 


90 degrees diſtant from the Poles, if the Sun be South of the Zenith in 
Q the 
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the Equino@ial, then the North Pole muſt be above the Horizon, ard 
therefore the Latitude Nortif : If the Sun be in the Equinotial to the 


North of the Zenith, the South Pole will be above the Horizon, and o 
the Latitude South, as is very plain in the former Schemes. 


RULE VI. 


If the Sun be in the Zenith, that is, 90 degrees above the Fi is 
zon, then the declination, either North or South, is the Lati- 
tude. 


Demonſtration: 

10. VII. S here the Sun being 10 degrees diſtance from tt e 
Fig VN A EquinoCtial South from X to A, or having 15 
degrees South declination, cauſeth the South Pole at S to be elevate 1 
10 degrees above the Horizon at C 3 fo that the Latitude is 10de- 
grees South, the lame with the diftance A Z : fo that the Sun being, 
in the Zenith, the declination of the Sun is equal to the Latitude, The 
like is to be underitood, if the declination were North, then would the 
latitude be North, as is-calie to be.conceived, 


RULE VI. 


If you be within the Artick or Antartick Circles, and obſerve the 
Sun upon the Meridian, under the Pole, adde the Suns decli- 
nation to the Complement of the Altitude ( or diſtance from the. 
Zenith) and ſubſtratt the ſum from: 180 degrees, the remain- 
der is the elevation of the Pole. 


EXAMPLE 
As ſuppoſe the Sun hath 20 degrees North declination, and the Suns 
heighth on the Meridian under the Pole be 10 degrees, What is the La- 


titude ? d. me. 
The Suns declination. 20 OO 
Complement of the Altitude 80. oo. 
Thoir ſum. I00 OO 
This taken from ito oo. 


ee ES 


Leaves the Latitude North . 80 oo 


— . 
- 
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.Demonſtration. 


io. VIII TL, Oradding AF, the declination to F A, the Comple- 
Fig vm F ment of the Altitude, it makes 300 degrees which 
ſubſiracted from A A Z 180 degrees leaves /E A equal to CS, the 
L atitude. 


The foregoing Seven Rules otherwiſe briefly Analized. 


He Suns Meridian Altitude obſerved at Sea or La1d in any part of 

T the World, the Latitzde of that place, by help of them, may bc 

known in which there are ſeveral Caſes, according as the Sun hath 

cither North or South Declination, and as the Sn is ſituate, he being ei- 

ther upon the North or Soth ſide of the M:ridian.----The ſeveral Va- 
rietics are theſe which follow. 

The Meridian-Altitnde 

"SOUT H-fide of the \ taken from 90 de- 


When the Sun is in | Meridian, grees, leaves the E- 
the EquinoGiial,ha- levation of the North 
ving no Declinati- } Pole. 
on, and the Meridi- } The Meridian- Altitude 
an-Altitude is ob- taken from 90 de- 

' ſerved on the NORT H-fide of the& grees, leaves the Ele- 
Meridian, vation of the Sorth 


Pole. 


If the Meridian-Altitzede be leſs than go degrees, and the Sun 
upon the Sonth»ſide of the Meridian, the Suns Declination 
being taken from the Meridian-Altitude, leaves the heighe 
of the Equinodiel , which taken from 90 degrees, gives 
the Latitude North. + 

If the Meridian-Altitude be leſs than 90 degrees, and the Sun 
upon the Sowth-fide of the Meridian, adde the Meridian-Al- 
titude and Declination together 3 their ſum is the height of 
the Equinoftial + which taken from go degrees, leaves the 


NORTH, 


» 


| 
Lad 


4 


SOUTH 


When the Sun's Declination is 


titude exceed 90 degrees, take go degrees therefrom, the 
remainder is the Latitude South. - 


Q 2 When 


bh 


| Latitude North. But if the ſum of the Declination and Al- 
L 
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_ FIt the Meridian-Altitude be leſs than go degrees, and the Sun 


rm | 

- ! Declination together, their ſum is the height of the Equino- 
S 3} @iial; which taken from go degrees, leaves the Latitude 
Z | South. But if the ſum be above godegrees, take go de- 


grees therefrom, the remainder is the Latitude North. 


If the Meridian-Altitude be leſs than co degrees, and the San 
wu upon the North-ſide of the Meridian,ſubtrac the Declination 
a from the Meridian-Altitude z the remainder is the height 

© } ofthe Equinottial; which taken from 90 degrees, leaves 
" the Latitude South. 


When the Sun's Declization is 
oanftocus 


\ "<NORTH,) If the Meridian-Altitude be juſt c North. 
_ _ Sun 4 . 90 degrees, the Suns Decina- 3 
ecrenarron 5 SOUTH, > on is the Latitude Sonth, 


If the Meridian-Altitnde be obſcrved under the Pole, within the 
bounds of the Polar Circles, in ſuch caſe the Sun's Declination muſt be 
taken from 90 degrees, and what remains is his diſtance from the Pole 
which being added to the Meridian- Altitude, the ſum is the Latitude of 


the place. 


CHAP. XIX. 


How to find the diſtance of any two places upon the 
Terreſtrial Globe, by the Plain Scale. | 


I. Two places which differ in Latitude onely, to find their dj- 
ſtance. . 


1. W F che two places have both cicher North or South Latitude, ſub- 
ſtra& the leſſer out of the greater, the remainder is the degrees 
of diſtancez which multiplied by 60 , gives the diftance 

in miles. 

Example. London, and Tholows in France, lie both under the ſame 


Meridian, and both on the North fide of the EquinoRial : _ 
hat 


upon the North-fide of the Mcridian, adde the Altitude and , 


by the Plain Scale. #7 


hath 52 deg. 30', and Tholows 43 deg. both North Tatitudes 4 3 4g 


ſubltracted from 51 deg. 30', Icaves 8 deg. 3o' 5 which runs int 
2 miles by multiplying the degrees by 60, and adding for every minute 
one mile, makes 510 miles for the diliance of thoſe two places, 

2. If one of the places have North, and the other South Latitude, 
the ſum of the two Latitudes is the diltance. 

Example. Lendon. hath 51 deg. 30 Noth, and the ifland Trit.n 
Decanhu in the Ethiopick Sea, hath Latitude South 38 eg. the ſum of 
the two Latitudes is 59 deg. 30'; which multiplizd by 60, is 5370 
milcs, and ſuch is their diltance, 


IT. Two places which differ onely in Longitude, to fird their dis 
| ſtance. 


I. bf the two places propoſed, do both lie direly under the Equi- 
noRial, and ſo have no Latitude, then their difference of Longi-+ 
tude, if leſs than 180 degrees, is thcir diſtance, 
' Example, The Iſland St. Thimz, ard the Iſland Sumatra , lic 
both under the EquinoRial, St. Thoma aving Longitude 35 deg. 39', 
and Sumatra 134 deg. 30', their diftcrence is 99 degrees z which re- 
duced into miles, makes 594O tor thcir diliance. 

- 2, Butif the two placeslie not ynder the EquinoGiial, but under 
ſome other Paralle], between either of the Poles, then.proceed to find 
their diſtance, _ 4nd Goa {oe 

Let the two places be London and Gipiſon in Ruſſia, bot 10. IVY. 
in 51 deg. 3o' of North Latitude, ; differing in Lon- Fig IX 
eitude 45 deg» Firſt, Take 60 deg. of your Scale of Chords, and with 
that diſtance on the point C, deſcribe the Circle F L Q 1, and draw 
the Diameter A C Q, Secondly, ( becauſe the places differ in Longi- 
tude 45 deg.) Take 45 deg. out of rhe Scalz, and ſct them from ZX to 
M, and draw the Line MC. Thirdly, Take 51 deg. 30' the Latitude 
of both the places out of your Scale, and (et that diſtance from M to I, 
and draw the Line 1B perpendicular to MC. Fourthly, Make the 
diſtance /E D <qual to M B, and draw the Line BD, (o (hall D B, mca- 
ſured upon your Scale of Chords, contain 27 deg. 40; which reduced 
into miles, make 1660 for their diſtance, 


II. 7ws 
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HI. Two places which differ both in Longitude and Latitude, to 
find oh diſtance. "D | MY 


the two places be London, in North Latitude 51 deg. 30', and | 

Longitude 26 deg, and Hierwſalem in Latitude 31 deg. 40', and 
Longitude 71 dzg. Their difference of Longitude is 45 deg. Now 
to find their diftance. Firſt, With 60 degrees of your Chord, de- 
ſcribe the Circle A L Q M, as before, and draw the Diameter Z C Q. 
Secondly, Set 45 degrees, the wg oatphens ap from X to M, 
and draw G M. Thirdly, Set one of the Lati (as that of London) 
51 deg. 30' from M tol, and draw IB icular to MG. Fourth- 
ly, Set the other Latitude 31 dy: 40' Z toL, and draw LA per- 
pendicular to AQ. Fifthly, Take the diſtance AB, and ſet it from A 
to E. Sixthly, Take the diſtance B I, and ſet it from Lto K, and from 
LtoH. Laſtly, The diſtance from K to E, meaſurcd upon your Scale, 
will give you 3 deg. 51' for the diſtance of the two places 3 which 
converted into miles, is 2331 miles. 

This is, when the two places propoſed are both in one and the ſame 
Hemiſphere, as in this Example they are, both to the Northward of 
the Equino&tial. But if the two places propoſed are ſeated one in the 
Northern, and the other in Southern Hemiſphere, then the diſtance 
HE (LH being made equal to LK) gives the of diſtance. 

E.. - were —_ & North 9+" 51 deg. 30', and another 
{ . place were in South Latitude 31 deg. 40', differing in Longitude 
% - deg. HE the diſtance being meaſured upon your Scale, at twice che 
| cauſe it is longer than the Scale ) will give you 96 deg. for their di- 
ſtance, which is 5760 miles. ; 
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LATITUDE. 


120 The Tables of the Suns place ant] Declination. 


— 


| p 1685, March. | 
- 1677, Farrar) 1681, Fobraary 5 
< _ DT Dic.y1D yiact © ec(© place, 
© wcc. | 2 place, / " PE les mille. © mis 
ie. mille, mi, e.g I 
* — 
. 23 2231 34 
[he oſs | þ3 9 2 2! 
{2128 3123 ©; 1 _ 02 34/23 534 
327 21/24 ©; —< 45 q22. 11124 33 
4|21 1cj25 c5 yo _ or 45125 33 
«£120 c126 0” ( Mag 
= : - 2 - ON ol 253126 33 
6120 47127 ©d _ 4 ol oOc|27 32 
7129 35128 cx it 1+ > jad. 32 
£120 23129 Io 2 ol i ;2000Þ 31 
20k 6g = 11! [5 - AS . 1 zo] 
1"c IF 56Þ1 12 a" = 35101 30 
I9 432 13 9 $2 ET 5gjo2 29 
[2119 25103 34 ts - ot 2203 28 
3} 9 15Þ4 15 - jo or 46jog 28 
14j19 Oclo5 16 5 45 ©2 1ojo5 27 
| -, 18 +5 "6 - 7; po I 36 O2 33'06 26 
416j18 3Cjo7 16 g _ 29g 36 22 56107 25 
i118 1-J0$ 1c So 37110 36 03 2cjob 24 
[e117 52109 ws 37 3alu1 36 O3 43/09 23 
1 117 42110 " Is g1j12 Ze 24 o6j1O 23, 
[22117 25]11 22 —_— TI o4 3c|i11 21 
objr2 2;f om E--Y of 20 
CUT; | A 26 o5j14 36 Og 2314 
22116 $1113 -3| 5 42]15 36 25 16113 19 
RT Bad Hana 
21'16 SLS) _ 611 35 26 OI I5 17 
25'15 57116. 25 Oh REF | 6. 16 
— | ſc -<——_—_——__ - ty p! 06 241 I 
t 2 20 + 32]1 3 
nouny. 35107 -26 o4 oglig 35 06 47117 15 
PEI LY ELM 
28,15 Only 25 mp wh « 7 32(19 12 
20,14 420 2 O07 $5420 1 
z0j14 253121 29 v 58 16j21 1© 
30 


—_ tt _ ph - 
_ - 
- 


b —— 


for the firſt Tears after Leap-year, viz. 121 
w__ bE-1 
= 1689, April. 1693, May. 1697, June, 
_ 
<<]. ts <— mm "x 
”1© Dccl.|© placc © Decl.|' place, © Decl.|© place. 
4: mide. mi. te. mi.|de. mi. de. mide. ma. 
wy wlll FS I 
os 38/22 08 1s o7ſz1 13 23 , TIſ20 54 
2Jog ocſzz ©; 13 2222 11 23 15ſ21 51 
3109 22124 ©5 18 36123 og 23 18]2 2 49 
4]99 43/25 04 is 5124 . 06 23 21123 46 
$j1o 04/26 02 gi9 05125 04 23 23124 43 
6J10 26]27 on [9 15g[26 02 23 26]25 40 
72 47127 5s 9 32026 55s 23 27]26 37 
Shtx o$[28 5+ i9 45127 57 23 29127 34 
gjir 28[29 56 I9 $8128 54 23 29]28 32 
Ichi: 4g|& 55 20 11129 52 23 3029 29 
lihi2 ogſot 53 20 23]l) 4g 23 30[S 26 
212 29102 51 20 34jol1 47 23 30jor 23 
13013 4903 4s 20 46102 44 23 29102 20 
Igh13 ogſo4 4+ 20 57103 42 23 2803 18 
IShi3 2$/05 46 2T oSjo4 39g 23 26104 15 
6113 47106 44 21 185 37 23 2405 12 
17114 o7Jo7 42 21 28j06 34 23 22106 og 
18114 25108 4c 21 3807 32 23 1907: o6 
Ioh14 44jog 38] 21 47joS 29 23 1608 03 
2C}IS ozjllo 36 2I $6l0g 27 23 12199 ©0 
21115 2oſt1 34 22 o4flo 24 23 ovſog 58 
e2lls 38|12 32 22 12|11 21 23 03zÞto 55 
23115 56}13 30 22 20[12 15G 22 $58Þ11 52 
24116 13114 28 22 27113 16 22 53112 49 
25416 Z3oltl5s 26 22 34{14 13 22 40j13 46 
26116 47116 24 22 4ijt5 11 22 4ljt4 43 
27117 oz[17 22 22 47116 ©b 22 35] 41 
28117 20|1$ 2c 22 $317 o5 22 285]16 38 
!29117 36119 18 22 58118 ©2 22 21117 35 
13417 —_ I 23 ozſ19 cc 22 13118. 32 
ao _-7--1 ; 23 obhig 5c | 


th 


peY 


—_—_ 


——_— 


"————— 


122 TheTables of the Suns place and Declination 
S 1677, July. 1681, Anugult. 1685, September 
=_ 
_ DDD 
” 1© Decl.|© place. © Dec © place. © Decl.1© place. 
de, mi-\de, mt. de, mi.\le. nit de. mi.\le. mi. 
"Y » & W | 
| 1122 og4ll9 29 15 o8]19 ot 04 19ghIg9 ob 
21/21 $6[20 26 I4 4c|20 C6 03 $620 ©7 
3]21 47121 24 I4 31121 ©4 OZ 33121 ©6 
4121 38 bv I4 12122 0O1 OZ 1022 ©4 
$j21 29]23 15 13 $4jz2 - 5s O02 47123 03 
6/21 19124 15 13 $5123. 57 92 23124 Ol 
7/21 ©9125 13 I3 15124 55 O02 ©colſ25 ©Cc 
d/20 58126 10 I2 $6[25 52 ot 37125 5s 
gi20 47127 ©7 12 36[26 5c o1 13126 55 
10/20 3628 o4 2 16127 4t Scl27 57 
11/20 24/29. O2 11 $6]2Ss 46 < 26128 55 
(12/20 12/29 - 59 1 3629 44 S 03129 54 
j15120 oc}fL 56 I1 16/% 4: = = 55 
14:19 47]0T 54 j1O gSjOI 4c 8 44/21 $2 
1519 34/2 53 Io 34jc2 3t [o1 S08[22 $51 
1619 21j03 48 lo 1303 36 01 . 3113 5c 
17/19 07:04 46 109 2104 34 ol $514 45 
1518 53105 43 9 3&5 © 32 02 18195 4d 
Io18 35j0s 4c O9 oglo6 3c -2 216 47 
2018 24/07 35 OS 407 2% 23 osſ37 47 
2118 10'os 35 os 26108 25 53 2$j08 46 
2217 55109 'F :S coglog 25 23 $2ÞP9 45 
*317 39159. 36 o7 ; a 1300 25 04 159 44 
2417 23j11 2c 07 2cjl1 21 O4 3184 44 
2517 07112 25 6 55j12 IC cS O2Jjl2 43 
2616 51113 24 ©6 3Z5j13 1% o5 25113 42 
27:16 34114 2C CO 13114 1c] 05 4c [4 2 
:816 1$j15 15 Sg: SCIN$.. 15 C 1115 41 
2916 oc't6 15 '65F 28116 15 06 34j16 41 
3015 43117 I; Þ-5. *) 17 II 06 7 [7 : 
3115 26415 11 C4 4218 1c X td 


=o 1" *buls Ys 2L1% 


for the firſt Tears after Leap-years, wiz. 123 
= 1689, Offober, | 1693, November, 1 697, December, 
<| WES — 
”1© Dec.|© placc © Decl.|© place. & Decl.| © place. 
oe 1e, mi. te. mt. ; de, mi.|[le. mi mi.\de. mi. 
| mM Pe 

Wo7 ghis 4c I7 43]Þ9 42 

2107 42119 3% 7 59470 43 

3108 o4ſ20 35g 18 1521 44 

4408 27j21 35 1$ Z3oſ22 44 

zlo8 ag4c|[22 38 1s 45123 45 

6109 11123 3% 19 ooſ24 46 

7199 33124 3% 9 15j25 46 

Slog 55125 35 ig 29126 47 

cj10 27126 37 I9 43127 46 

Ichto 35127 37 is 57128 459 
IiNjis oof2s 37 20 1029 4g 

I2jiz 221/29 37 20 23] 5c 
r3jtz 43/t 37 20 35jor 51 
t4h12 o4jor 37 20 47102 52 
5112 24102 37 20 59103 __53 
16112 45103 37 2I 10104 $54 

17h'3 O5194 37 21 21105 55 

id]h13 25105 37 21 32j06 56 

Ioht13 45j06 38 21 42107 57 
2c114 o5jo7 35 21 5iſos 55 

21114 25/08 38 22 o1ſ09 55 
22114 44109 3: 22 oOg|11 ©O 

23115 0©3[10 [y 22 1812 01 

241415 22111 35 22 26/13 02 

25]'5 40112 35s 2 33134 - 03 

26115 59113 '- 22 4ol5 O4 

27116 17114 4C 22 47116 ©5 

25116 34115 4c 22 53117 ©6 

29116 52116 41 22 $5918 ' 07) 

3c[17 Oght7 41 23 o4\l9 09 

3117 26113 42 E: | 


ns 


L— 


124 The Tables of the Suns place and Declination 


*Skeq 


© 00823 Qin þ wo = 


© Decl.|© EE place.| 


de. mi, 


——— 


1678, Fanuary. 


1682, February, 
© Decl. J© place.| 


de, mi, 


e 


mi, 


$ 
28 
o8 
48 
27 
06 


23 
24 
25 
26 
&/7 1% 
28 15 
*Y 
X 

OI 
O02 


= 
I6 
16 


T7 


03 
04 
05 
06 


—_— 


1686, March. 


© Decl.{© place, 


de, mide. mi. 
EE. 
03 27/21 20 
O3 0©4[22 20 
O2 40123. 19 
O2 16124 19 
53125 19 


or o5j27 18 


242 2128 17 
29. 17 
0 T2326 
229j01 15 
I 53102 I5 
17/03 14 

or 44/04 13 


03. 38/09 og 
04 ozjl1o ob 
04 24/11 07 
O04 47112 os 
O05 1oſlz os 
05 3314+ 04 
05 S615 03 


OI 29126 18t 


VT Io mines" — 5. —— —_ 


07 04/17 59 
07  26{118 58 
07 4g9]19 57 
o8 11120 55 


ar, V1%, 
ap-ye 

d Year after Le 

be ſecon 

for f 


| 


© place. 
© Decl | SS —Nncs 
1 _ de, mi. — 
—_ 
© Decl 


1694, May. 
Il, 

Apri 

1690, 


EE 


20 
18]2r 
3122 
3 by 
24 
25 48 
26 45 
27 43 
28 42] 
39 3 
x 36 
ON 33 
03 28 
- 26 
04 - 
25 26 
ob 
O9 
Io 
II 
12 
13 
13 
t5 
[6 

17 


" i IR" TY 


| | 
126 The Tables of the Suns place and Declination 


EE—_ 


= 1678, 7uly. 
— | JE 
* 1© Decl.|© place 
de. mi.\ds, mi. 
S 
Iſ22 Oo6lI9 15 
2121 $5820 13 
3121. 29]21 10 
4ji21 4oſ22 ©7 
$Sj2T1 3223 ©4 
6/21 21/24 02 
TIT 1124 5s 
8/21 ©1125 56 
9120 $0/26 52 
120 5927 51 
IIlO 27128 4+ 
12/20 15/29 45 
13120 ozj% 42 
1419 50oL 4c 
13119 37/02 37 
16/19 2403 34 
17/19 1104 32 
[8/18 57.05 2c 
19118 4306 2; 
20/18 2807 24 
2115S 1308 2] 21 
22.17 5809 1g|- 
2317 43,10 16 
24 17 27,11 14 
25/17 1112 11 
26.16 54,13 Cs 
27/16 3$14 C6 
2916 22115 ca 
12916 ©5j16 ©1 
3015 47j16 5c 
31-15: 3ci17. - $7 


1682, Auguſt, 


TTxajOpiia 
de. mild. mi, 
| Jb 
15 12j18 54 
I+ $4119 $2 
[I4 36120 5c 
14 17j2t 47 
13 $822 45 
13 39123 43 
3 20124 41 
13 ©1125. 38 
l2 2126 36 
2 21127 34 
I2 o128 32 
i1 4129 30 
11 211N 28 
11 ocjol1 26 
lo 3clo2 24 
lo 1dJo03 22 
O09 $7104 20 
o9 3605 18 
oO9 15106 16 
os 5317 14 
OZ Z1jos-' 12 
o8 ogſog ' 11 
07 470 Og 
07 25111 07 
C7 ozj12 c5 
c6 4il13 o4 
C6 Ic{I4 02 
CY $6115 OO 
-5.. :$31t93: 39 
- BY: -- i 6 57 
+ 4c17 66! 


1686, September, 


9 Decl.|© place, 
le, mide. mi, 
a. - 
04 25118 54 
24 C2119 53 
93 3920 51 
23 15[2z 50 
SA 1. 
92 29123 47 
02 06124 46 
ol 4225 45 
ol 19126 43 
56127 42| 
E 3? 28 41 
> 09129 40 
Rl? "39 
8 39101 38 
OI $S02(02 37 
ol 25103 36 
1 4914 35 
- WF; O05 34 
O2. 36106 33 
2 59107 32 
03 23108 31 
93 4609 31 
04 Ogio 30 
04+ 33111 29 
O04 56112 29 
O05 1513 28 
O95 42114 27 
06  ogit5s 27 
O6 25116 26 
06 5117 26 


( 


UTC 


' for the ſecond Tear after Leap-year, viz. 


127 


*Skrcq 


[ua > 2 ho = 


mm rm 
MD wy 


1690, Ofbbcr, 


© Decl.|© place. 


le. mide. Mil. 


O WW Ga © 


A 


07 14118 25 


07 + 36119 25 
57 $9120 295 
o5$ 22[21 24 
J 44122 24 
59 06123 24 
29 28124 23 
e©9 $yoI2y3 23 
10 12126 23 
to 34/27 _23 
Io 55 26 23 
iO 1612 25 
[1 38 m 23 


5 36 I2 256 
5 $4j13- 25 
16 1n2j14 .25 
16 zcjl5 26 
16 48916 26 


| 


11694, Nrvember, 


© Dectl,|© place. 


ac. mide. mt 
MN 
7 3Sj19 20 
17 $55j20 2d 
18 1121 25 
18 26]22 30 
18 42]23 30 


IS 57/24 31 
19 12125 32 


I9 26126 32 
19 4027 33 
I9 5425 34 
20 O7]2zg9 35 
20 2C|# 35 


22 16113. 46} 
22  24j}i2 ' 47; 
noi 5 BE 
22 3$|14 49 
22 4Jj15 50 
22 $2116 51} 
22: "MF C0 
23- ©:j18--'53 


16598, Deccmber, 


D Necl.l© piact, 


| 4 
23 O7jl9 55 
23 11120 59 


IIS | 
de. mi | le, mt. 


22 \Sc\t13 23 
32. 44j14 . 24} 
27 - avis - 28 
22 . 3c[16 26| 
22. .22117 25] 
22 © 14j13 29 
22 OFqlt9 : 30 
21 560 3i| 


23 24/25 ©© 
23 26'26 ©2 
233.14 [27 C3 
23 29/28 04 
ez 3029 ©) 
23: 3ZAY- 07 
23 30ool OZ! 
23 29122 ed 
23 2093 10 
23 26104 $0 
23 34195 - 13 
23 216 14 
23 157 15] 


—_— ——_—— — 


- 1679, Jame| 
| OI 
” 1© Decl.|© place. 
de, mi.\ds, mi. 
' —W 
1121 46j21 32 
2121 36122 33 
3121 26123 35 
4/21 15124 36 
5121 04125 37 
6120 53126 3d 
7120 4127 39 
8/20 29128 4© 
G20 16129 41 
loj20 O37 42 
i119 $ofol 43 
12/19 36/2 44 
135119 22/3 #) 
14119 07]04 46 
15118 52105 47 
16118 37j06 4d 
17148 22107 49. 
15118 06108 5c 
1917 $goj9 51 
2017 33/10 52 
21117 16j11 $53 
vr 59]12 54 
23:16 42113 55 
2416 2414+ 55 
25116 06 15 56 
26'15 48116 57 
27415 29117 58 
28:15 x1j1s $58 
129,14 52]19 59 
3<14 32121 - OO 
131114 13122 OC 


128 The Tables of the Suns place and Declination 


- | 


1683, February. 


de. 


mi.11c. 


© Ded1© placc. 


m1. 

— 

I3 -5343.. .01 
13 33/24 ol 
13 13j25 ©2 
12 $3]26 02 
12 32127 03 
12 1c|28 ©3 
11 $cj29 04 
11 25jX 04 
11 objot 05 
lo 4612 O©5 
10 24103 ©5 
10 o2j04 ©6 
O09 4uo05 ©6 
o9 1$j06 ©6 
o8 '56]07 06 
o8 34108 ©6 
os 110g 07 
07 4$1o 07 
o7 26j11 ©7 
07 ozf12 7 
06 goll3z ©7 
o6 17114 © 
05 $313 - © 
los 3cliv ©7 
o5 ©7117 ©6 
©4 43j19 ©6 
24 219 ©6 
23 $73-0 C6 


1687, March. 
D Decl.|© place. 
de. mile, mi. 

1-0 

23 33121 ©6 
03 ogſz2 ©o5 
02 46123 05 
02 22124 ©5 
o1 $8]25 o4 
21 35125 O4 
o1 11[27 03 
20 47128 03 

> 24129 ©2 

> oc} ©2 

"ou OL Of 

S 47192 CC 
O1 11Jo3 OC 
ol 35Þ3 99 
1 $bſog 59 
o2 22105 57 
22 4510s 506 
03 ogſo7 56 
03 32Þ83 55 
03 $55P9__34 
24 1djlo 53 
24 42111 52 
O05 o5ht2- 51 
o5 28113 5c 
o5 Soll4 47 
26 13115 #47 
26 36116 46 
06 5e1t7 45 
7 2:18 443 
27 43119 43 
2 o5 S495 


4a} 


” m * 
> —_—__— —— LR . 


Dt 


— ——_— 4 


—_ 


for the third Year after Leap-year, viz. 12 d 


| 
9. 
S 1691, April. 
”1© Decl,|© placc. 
d:. mi.\de. mi 
Ks Y 
iJo8 27]21 4c 
2108 ggjz2 Ze 
3109 11123 37 
4j29 33124 30 
5129 54125 34 
"6jIo 15126 33 
1119 37127 31 
tjro 57128 25 
1t 15j29 25 
chin 39jG 26 
12 5gſot 25 
12 1902 23 
12 35j03 21 
12 $5$104 Is 
13 1gj05 15 
13 38s 16 
13 $8107 14 
14 16108 12 
I4 35109 10 
14 $3jio os 
15 12|11 06 
is 3oll2 ©4 
i5 47113 02 
16 o5j14 ©o 
16 22114 558 
16 3gÞ15 56 
16 $5116 54 
17 12117 52 
17 2818 50 
t7 44j19 47 


| 


| 
1695, May. 
© Decl.{© place. 
de, mi.(1e mi. 
1'7 5$9Þ0 45 
118 14j21 43 
18 2922 41 
18 44123 35 
1 $58]24 36 
Is 12125 34 
I9 26126 31 
ig 39]?7 2s 
I9 :52128 26 
20 o5]29 24 
20 217d 22 
20 2g9jol 19 
20 | goſo2 17 
20 $2103 14 
21 03104 12 
[21 13jo5 og 
21 23106 ©7 
21 33107 04 
21 42j08 o1 
21 $ijo8 59 
22 ooſog 56 
22 ob8o 53 
22 16{11 51 
22 24\12 45 
[22 31113 45 
22 38114 43 
22 44115 4c 
22 $0116 37 
22 $6117 35 
23 orj18 32 


1699, June. 


23 3oſz9 58 
23 30S $6 
23 29101 $3 
23 285j02 50 
23 27193 #47 
23 25194 44 
23 23105 41 
23 20j06 38 
[23 17107 36 
23 1408 33 
23 1oſ9 2 
23 o6lto0 27 
23 ou 24 
22 $61j12 21 
[22 5ol[13 19| 
22 4414 16 
22 3bÞ15 13 
22 32]16 10 
22 25117 .07 
22 17 


| 


6 a m_——__c_ p—————_— a 7 - _”_ _—_ . + "IT 


- 
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ide 


1683, Auguſt. 


OI 
ONT 


©O2 Z 


": 


03 


02 $5 
17108 ' 17 
03 4ojog 
o4 0O4{[10 
04, - 27111 
o4 Soll2 14 
14113 
o5 37114 
06 ooſ[r5 
06 23) 
06 46 


20/03 22 
43 
o2 07105 20 
6 ug] 
18], 


4 21 


o7 


16 
16 


15 


12 
16 . 12 


I II 
2 4 


14] 
13] 


_— 


yy 


FR"_R 


4 


= 1691, Offober. 
eg | 
P1© Decl.|© place. 
de, mide. mi. 
a — 
1o7 o8118 11 
207 3iji9g 10 
3107 54120 10 
4108 16121 10 
glo8 38122 o9 
9 o1123 Og 
7109 23124 O9 
og 45125 O9 
S110 o7]26 o8 
rolzo 28127 _ o8 
i110 50/28 ob 
t2/6r 21ſ29 ©8 
13let 32]t os 
14/17 $3101 ©5 
15112 14j02 ©8 
16112 35]03 08 
17112 55104 ©s 
1$}13 16jo5 08 
Ig|13 3606s ©5 
2c113 $6107 O9 
21114 1510s ©9 
22114 34109 OS 
23[14 54jlo Og 
24j15 £1 ade IO 
25115- 315912 10 
26115 $0,113 10 
25116 oB8|14 11 
28116 25]15 11 
20116 43116 12 
317 orjrt7 12 
13117 139918 13 


1695, MEE b 
© Decl.|© place. 
de. mide. mi 
| m 

17 34119 13 
I7 $I}RO I1I4 
18 o7]21 14 
18 23]22 15 
18 38|23 15] 
11s 53/24 16 
19 o8[25 17 
19 22j26 18 
is 37127 15 
I9 $ojzs' 19 
20 oa4jſ2g 20 
20 17]* 20 
20 25]o1 22 
20 Ailo2 22 
20 $803 23 
2I O5J04 24 
21 16J05 25 
21 27j6 26 
21 3717. 27 
21 4708 2+] 
21, $6199 25 
22 o5lio 3c 
22 14j11 31 
j22 2212 32 
22 303 33 
22 37]4+ 34 
22 44[15 35 
22 5c[16 36 
22 $6117 37 
23 oſs 36 


| 
* for the third Years after Leap-year, viz. 131 


þ 


AESPEETT « 
© DectJ® place} 
—_ __—\ 
de. mide. mi: 
3-8-4 
23 o5l19 40 
23 1020 41 
23 14]21 42 
23 .18j22 43 
23 21123 44 
23 24124 46 
23 26125 47 
23 28126 4 
23 2927 49 
23 30ſ28 50 
23 30129 $2 
[-7 30A” 53x 
23 29101 54 
23 28j92 $55 
23 27193 57] 
23 25104 58 
23. 2210J 39 
23 19]97 oo 
23 465]08 02 
23 12j099 03 
23 - ofjlo 04 
23 o2|jt1 ©5 
22 57]i2 07 
22 'F1jt3 08 
53: -45]64 09 
22 35|15 1© 
22 31116 11 
22.: 24107 - 43 
22 16118 14 
22 -oJjI9 15 
21 50 10 


132 The.Tables of the Suns place and Declination * 


1688, Merch, 
[2 Declſ® plc 


O03 15]21 5r[f 
O2 $1[22 50 
o2' 2E[23 50 
O2 O4124 50o 
OI &hl 25 49} 


\ 
for theſe following Leap-years, viz. 133 


- 1692, April. 1696, May. 1670, June. 
7 [© DecJ® place © Dect.l© place, © Dei. place, 
» [le. milde. mi. Ar. mide. mi de. mille, mi. 
$ 9 | [.- 8 | I 4p 
\ 1108 44ſ22 24 18 21/21 29 23 12j22n - 10 
' 2Jog o6[23 23 83 -: 26122 27 23 16|22 07 
log 27124 21. 18 4goſ2z3 24 ?3 Ig9|23 og 
alog 49125. 20 18 $55|[24 22 23 22/24 OI 
[ Slro 1of26 18 19 Ogſ25 20 23 24124 59 
"olro 31127 17 Ig 22/26 17 23 26]25 $56] 
To $2128 15 Ig 36|27 15 23 28[26 53 
let 130129 14 I9 49g|28 13 23 2$]27 50 
gl1t 341% 12] 20 o2[29 10 23 3olz8 47 
roſtt 5401 10 20 +£14\)} ob 23 3c29 45 
fralrz 15102 Og] » 20 26j01 O5 23 3o}S 42 
12 12 35/093 07 20 38 O2 03 23 2£[OI 39 
13112 54104 05 20 4903 oc 23 2802 36 
tqj13 14/05 03 24 ocjoz3 559 23 25103 33 
5/113 34 O08 ,02 21 11104 55 23 25104 30 
16ſ13 5307 ©c 21 21105 53 23 235 27 
17]14 12107 56 21 31Þ6 50 23 2106 25 
115}14 z3ojſo8 56 21 40ſo7 47] 23 1507 22 
914 49|e9 54 21 493 45 23 15108 19 
Rell O7JIO 52 21 58159 , 42 +3 TiſÞg 16 
21 15 251 5O 22 OjJjlo 4C 23 oO7JIro 13 
22]115 43]12 4d 22 - 1ann " 35 23 ©O2|11 10 
23116 oo 13 46 22 2212 34 22 $57jt2 0$ 
24116 18[14 44 23. 26103-: 32 22 $2113 og5j 
25j16 35]15 42 22 3614 25 22 46j14 02 
26116 51116 4O 22 43]15 26 22 4olly 59] 
27117 obj17 38 22 4gs|1's 24 22 33]5 56 
2d[17 24[18 36 22. G7 21 22 26116 $53 
25117 goſig 33 22 $55|18 18 22 1517 58 
3c}t7 5520 31 23 ogſi9 15 22. 1118 4$ 
31 | 23 og\20 13 


_—_— CI 


"Wn 


1 34 The Tables of the Suns place and Declination 

=| 1680, Fuly. 1684, Auguſt. 1698, September. 
_ 

<<. —— — ee CEE | 
"41© Decl.[© place. © Decl.|© place, ® Decl.|© place. 
de, mi.\de. mit. Ars mi.l''te mi, fe. mille. mi. 
RY | S | & Wm 
1122 o2j19 45 Is ozflg 24 24 1319 24 
2|21 $54]20 42 I4 44120 22 23 5Scjo 23 
3121 45121 39 I4 26121 15 23 27j1 22 
4121 36122 37 i+ 07122 17 23 03122 20 
$j21 26123 34 13 4b[23 15 22 4cſ23 19 
6124 © 1614 31 13 25124 13 22 17124 17 
7121 o6[25 28 13 1cl2s5 1c 21 $4125 16 
| 8/20 g5[26 26 12 $1126 ot or 30jas 15 
9120 44127 23 12 31127 ©6 o1 O7]27 14 
10/20 33j28 20 12 Ti[28 04 43128 13 
1x20 21129 17 11 $1[29 02 = 20[29 11 
b 12120 O9 15 !1 3clzo Cc & 03 = 12 
13119 56jlT 12 iT 1c 5% 27j1 O9 
i419 44j2 OC Io 4cjort 56 S 51102 of. 
15119 313 07 lo 272 54 21 S14ſo3 07 
16119 17104 04 [9 o7Jo3 $2 O01 3Bvjo94q o6 
17119 03105 Ol 129 46104 5c 22 ono05 ©5 
18:18 49ſ05 59 og 25105 4d 22 -25106' ©4 
» 191% 35106 56 29 o3J06 46 22 4d[27 © ©4 
2018 2c07 ' 54 o8 42107 44 23 1355s ©3 
2118 o6jd 51 cs 2cſ-5 42 03 35199 02 
22/17 5ofſo9 48 I7 581-9 41 23 $8110 oO! 
23.17 35110 46 7 36109 3g 54 218 CC 
12317 19Þit 43 07 4111-37 24 4g5li2 ©o 
25117 ©3112 41 -6 $2112 35 55 ovi2 5s 
2616 a6j13 5$ 26 28113 34 25 3iſi3 59 
27:46 goj!4 36 <6 -07]14 32 25 $4j14 50 
2816 13]15 34 5 44115 +430 o6 1715 57 
2915 $5616 31 5 22116 2c 06 acit6 57 
[3015 3917 29 + S117 27 Þ7 0-117 56 
1115 2118 26 24 36% ;$ - 26 - 1 


<— 


— 


for theſe following Leap-years, viz. 135| 
: 7 
T 1 _ y . 0 
'. : 1692, Offober, 1696, November. 1700, Decentber. | - 
s Þ ORD 
p- DDccl© place © Decl.[© place. S& D-cl.|® place. 
tg * © purl le, mt. de, mi.\4', mi de. mt.'d.. mi. 
T: = mM " 9h 
1ſo7 26[18 56 17 47]1'9 5s 23 ogo 26 
2]o7 4tjig 56 18 ozfſ21 cc 23 13j21' 27} 
3108 niſzo 55 18 15]22 oc 23 17/22 28 
4jo8 33121 55 1s 34]23 01 23 20ſ23- 30 
$5198 55]22_ 55 13 5cf24 01 23 23]24 31 
6J09g 17123 54 Ig 04125 Of 23 25125 32 
TI-9 35124 54 Is 15126 03 23 27126 33 
bſj10 01125 54 9s 3317 04 #3. 2987 34 
sj1o 23]:6 54 Is 47128 og 23 . 29]28 36 
chro 45]27 54 20 ooj2g ©5 23. 30129 37 
i1jix 06j28 54 2Q 14]* os 23 3o[? 38 
i2]11r 27129 53 20 26jar © 23 29jot 35 
r3jhit 4bjt 53 FO 3902 ob 23 25ſ02 40 
14112 ogjot 52 20 Fiſoz3 ©b5 23 27103 42 
15112 3oſo2 53 2t 0204 Oc 23 25104 49 
16112 $0103 54 21 13105 IC 23 23105 44 
17413 11104 54 21 24106 11 23 2 45 
ae113 321105 54 21 34107 12 23 16107 47 
i5}13 $5106 54 21 44] 13 23 1 48 
2c[14 1ojo7 54] 21 $4j09 14f 23 © 49] 
21]14 3cſo8 54 22 03180 15 23 o4[to 5oſ 
2814 4cj09 55 22 12[11 +6 22 $5v[11 Jul 
23115 otzjio 55 22 20/12 17 22 5 $3 
24115 27j11 55 22 28113 1] 22 47]13 54 
25]15 45]12 56 22 35114 'rc| 22 4oſt4 59] 
6116 oz3j43 56 22 4g2|l5 2C 22. 33115- 57 
27116 21þ14 56 22 49|16 22 22 26116 58 
25]16 3915 57 22 $5117 23 22 1dj17 59 
25116 56116 57 23 cots 24] 22- ogfig og 
z<[17 13þ17 58 23 o5|I9- 25! ?2 orj20 01 
17 3chts 58 | 21 $2121 o3l 


tweed end At ere roo dt ED. 


136 


| 


= 
gf a” 


iy 


! 


The Longitude, Latitude, Right Aſcenſion, and Declination 
certain fixed Stars between the EquinoCtial and 50'deg, of 
Declination fromit ; with their Magyitudes and Seaſons. 


ont CN 


Ot 


'Z : Long. | | Latit. |R. Aſc | Decli.! 
| Fhocenecgrgs EF N03 0 2 a 
2 |The Whales Tail © [X27 48S 20 47/06 39S|t9 52 Falr7 
2 [{n the Girdle of Andr.[y [25 411N 25 59/12 42N]33 52 uly23 
3 j{n _— _ Back 
the We Yjo7 031S 16 55/13 17{S|12 43/Fuly2 
3jſn the Whales Back] | 978 | 
the Eat Yjrr 3413 15 46116 51]$[09 55:Fuly27 
3 {ln the Whales Belly [y[17 1715 20 19123 45|S|11 57 Ang. '; 
3 j{n the Rams Horn the} | 
firſt y128 29No7 08/23 47|N[17 36 Ang, 4 
2 [ln the South Foot of | 
Andromida 109 31N27 465/25 51]N{40 414g. 6 
3]'n the Rams Head |\;Jo2 58 Nog 57/27 05]Nſz1 51i4ug. 7 
3 |Perſin's right Shoulder|\,[25 18, N34 30/40 O9]NI52 09[4u. 22 
2 {Briteſt in Whales Jaw|y;ſog 39S 12 37/41 #1: 02 45' Au. 23 
3 |Madnſz's Head [21 29N22 22/41 3%N[29 37|Aw. 23 
2 |Perfin's right Side [|x;|27 o09N30. 05144 51]N|48 33|4x; 26 
3 ]Prightelt of the Pliades[5j25 16No4 0/51 52]N[23 01'Sepr. 3 
1 ]Bulls Eye, Aldeboron [njo5 04 'o5 31154 ION[t5 46\Sep. 17 
1 [Joat or Waggoner [n[17 08N22 50173 17]N}43 36|Sep. 27 
1 [In Oriox's left Foot 012 oO9S 31 11174 37]S '08 38|Sep. 24, 
| 2 {Waggoners right Foot}nj17 52No5, 2<[76 15iN28 15|Sep. 36) 
2 JOriog's left Shoulder {nj16 15 10 33,76 48 o5 59 Ooh. r 
2-JFirfi in hisGlrdle . [n{17 43 S'23 38178 468 'o0 38;0ob. z; 
| V3econd in his Girdle [n[18 461S 24. 33/79 48] 'o1 20 096.4 
in hisGirdle |nj19 51S 25 21]80 57S 'o2 15/0fob.5 
Wagg, right Shoulder|n[25 20)N'21, 28]83 '53[N'q4 5108.8 
Oriox's right Shoulder|y[24 04/S 16 06184 16]N 07 1700.5 
Great Dogs Fotc-foot|.,|o2 34jS 41 15192 03S 117 49.08. 17 
ln the bright Foot of | 
the Twins [ mouth|=o4 23] 06 48|94 33]N'r6 38/08, 19 
great Gog, in his|sſog 27 I 139 20197 351S!16 15/07. 22 
n the uppe Head of 
the Twins S115 331N Io C2408 151N32 34'Nov. 2 
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The Longitude, Latitude, Right Aſcenſion, and Declination of 


certain fixed Stars between the EquinoQial and 50 deg. of! 
Declination fromit ; with their Magnitudes and Seaſons. 
| Longit.| | Latit. [R. _ | Decli. oC 
fe. mil \de» midde. mil |de. mil 
57 Novem. 4. 
38 Novem.5 
24 Nov. 30 
26 Decem, g 
47 Dec. 11 
20 Dec. 23 
18 Dec. 31 
59 fan, 23 
| 22 Feb, 6 
m 26 Feb. 14 
f Mm * 35 Feb, 21 
brighteſt mlo7 30IN44 23 Feb. 27 
x |Scorpion's Heart | >[o5 o5|S'o4 27 34/Mare. 12 
3 [nOpbizcbuc right 
foot Zj115 53}Npo2 161254 55] [20 30|Marc. 26 
I [n the Harp, thc 
brightelt wie 35N6: 481276 24] 128 32/April 18 
2 |Eagles Heart, «- | | | 
lis Vultures [vwj27 g1}N29 22/293 35] [os o03|May 6 
3 [Polphins Tail |z|og 24]N;29 081304 15] |1o 13:May 17 
2 |!m the Swans 
Tail Xloo 464/N59 571307 31]Nj44 07. My 20 
101339 141S [17 37| Fune 20 
001339 38]3|31 20!Fane 2c 
001341 54IN[26 19, Fune 22 
261342 O1]N[13 25; Fane 23 
421357 47]N[17 15; aly 
35359 ©3N[13 18)Fuly 5 


The 
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The Right Aſcenſion, Declination, and Diſtancel 
from the North Pole, - of ſeveral Stars ; with 


their Seaſons for oblervation. 


{ 


The Names of the Stars. LD —_— 
» mide. mi, 

{n the Brealt of Caſſiopeia 05 29154 
The North Star os 04187 

in the Hip of Caſſiopeiz 009 16158 

[n Caſſiopeia's Knee 016 o5[58 

in Caſſiopeia's Leg, 022 43161 

fo Perſin's right Ehoulder 040 og152 

[n the great Bears Side 160 ogf58 

in the great Bears Back 160 37163 

[n the great Bears Thigh 173 $2155 

[In Dragons Tail the lait but one[175 5671 

In the great Bears Rump 179 37158 
Between her Tail and the Loins|188 58140 
{Firſt in the great Bears Tail [189 41157 
The middlemoſt in her Tail [197 3oj$6 

In the end of her Tail 203 3oſ51 
In the bending of Dragons Tailſzog 34155 
The foremoſt Gourd 222 45175 

The hindermoſt Gourd 231 0o9173 

ln Dragons Head foremoſt 260 44152 

{n Draguns Head hindermoſt [267 is 51 | 
In Cepheus Girdke 311 02169 

[n his l:{t Foot 333 53164 

In the Backof Caſſiopeia's Chear 
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0 q Fable of the Suns Right Aſcenſion for every 
Degree of the Ecliptick. 
&F| 
I 5 We 
by 
| oo 152 6 
1] 0 14153 3 
d 3 56-281 
3{ 2 154 58 
4] 3' & 4 S , 
5| 4 156 51 
| 6] 5 157 48 
71s 159 44 
817 59 49 
9) 8 160 37 
101-9 161 33 
11|to 162 29 
1211 163 25 
13|tt 164 20 
1412 165 .16 
15113 166 12 
16114 167 7 
17 115 163 3 
18116 168 58 
1917 169 54 
2018 170 49 
21 |I9 71-44 
22120 172 39 
2321 073" -:393 
24122 174 30 
25123 073.85 
26 124 £56: -.20 
27 125 FRF 0H 
28125 17S 20 
29126 i79 5 
| 3O127 150 I 
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A Table of the Suns Right Aſcenſion for every 
Degree of the Ecliptick. 
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ce 


A Table of the North Stars height,above or under the Pole japon 
every Points bearing of the foremoſt Guard from it. 
þrm ky bt Or len) | 

?ompals | moſt Guard. h p 
— M— The Uſe of this Table. 

W by W 0-44 . #5 

We x II - |  Dmit I obſerve the North Star 
win [i36 © | & when it is a NN W Gmard ; | 
WNW {1:58 Z | ook in the Tables, and againſt NN W 
N W by W [2 14 =] _ 2 4 «29% this 2 deg. 29/ muſt 
N W b29- © S ubſtracted from the Altitude of the 
NW byN [2 30 8& tar taken by . your Staff, arid the. re- 
NN W 2 29 _ mainder is the Latitude ; : becauſe the 
N by W |2 22 T Star was above the Pole, or higher than 

North j|2 og 23 the Pole, by fo much, as in the Table. 
N by E 152 FT | Admit 1 obſerve the Star when he is 
NNE [129 © | Yderhe Poleupona SSEGuerd | 
NEbyN {1-02 F look, and find it is under the Pole 2 deg, 
NE 2 35 : oF , or lower than the Poles Flevation 
NEbyE {2 06 y ſo much : therefore I mult adde it 
FNE — to the Altitude taken, and it gives the 
E by N O 52 Latitude. The like is to be underſtood 
" Eaſt 4 HOY Birds, other time 3 but I lice. theſe 
# byS ern, of 7 rimes, becauſe they are the beſt times 
ESE CET for obſerving the Star, in regard of its 
SE byE |2 16 2 flow aſcent or deſcent at thoſe times : 
FE NN. for you ſee if you gueſs the bearing of 
3EbyS . | 30 "4 the Guard a whole point amiſs, it will 
SSE 2 29 £ be no ſenhible errour, the Declination al. 
3 by E p< tering, but 1' in a whole poine; 

South - ja 22 * Upon an Ealt or Welt Guard is a 
$ by W i 55 = good time, becaule by obſerving the 
I og" North Star, and Guard, be both of an 
3W by S. | 10 = height, you are ſure the Guard is ap 
3 W oO 43 y Falt oE Weit Guard, Thus much cf 
3 W by W | 14 the Ule ct theſe Tales, 
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"x2 *To find the Prime, the EpaG, &c, 
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: "CHAE XX. 
To find | the P rime, the EpaS, the Moons Age, 8c. | 


I. :7o. find the Prime or Golden Number. 


He Prime ſignifies 19 years, in which time the Moon makes all 
T her Revolutions and Aſpects with the Sun, and is returned to 
. the ſame place in the Zodiack that ſhe was 19 years before. 
| © To find jt, adde 1 to the year of our Lord, and that ſum 
divide by 19, the: remainder of the diviſion is the Prime 
that year. (x 


Example, for the Tear 1684. -. 86(3 
Adde-1 to the year, and *tis 1685 5 which divide-by xgg / 
1 + mg for the Prime 13, which is the remainder of the 
-divi 10N, 


| 2. Tofind the Epatt. | 
TF= Epatt is the difference that is made in a year between the Sum 


and Moons Revolution 3- and *tis thus found ; 
Sce- what the Gonlden Number is that year, and divide it by three : 


Now for every unite that is left of the-divifion, count 10, and adde it | 


to the Primez if the number excecd zo, the Epad is what- it is above 
-30 3 if it be juſt 3o, the Prime and,EpaZt that year are both one; it it 
+be leſs than 30, the pumber it (elf is the Ego. 


Ex.mple, 


Let the Prime be as before, ( for the year 1684,) 13 I (1 
-divide it by 3, and the remainder of the diviſion is 1: this ,x3(4 
Icall ro, and addc it to the Prime? 13, it makes 23 the E- F ;| 
pe that year, 


3. 7o 


To find the Mere dye, and High Waters. 143 


3. To find the Moons Ape. 


© 
Dde-the day of -the month, the months from March ( counting 
A March one ) and the Epa# for the year , all three together, - 
and the ſum is the Moons Age, if it be leſs than 30 3 but if it be more 
than 3o, caſt away 39, and the remainder is the Moons Age. Onely 
obſerve to tell 'the months from March, thus: for March 1, April. 2, 
May 3, June 4, July 5, Auguſt 6, September 7, Oftober 8, November 9, 
December 10, January 11, February 12. | 


Example. 


Let it be required to. know the Moons Age the 20th of 13 
Septem. 1684: I adde the Epad7 13,and 7 for the months 07 
from March, and 20 the day of- the month together, and . 20 
it makes 40 , from which I take 30, and the remainder is 
the Moons Age that day, namely. 10 days old. 

If you would know when it is Fxll Moon,it is what her Age wantsof 
' 153 and for her Change, what her Age wants of 30. | 


4. To find the time of High Water, by t be Moons Age. 


'A Drmit it be certainly known, that at a place it flows at 6- of the 
Clock at Full and Change , 1. demand what time *tis Full Ses 
when the Moon is 7 days old. Wy, OF: YE HORS: 


Example 1. b 
Multiply the Moons Age-by 4, and that pro- (3 [ho- 
du& divide by 5, and the quotion hall be the XS (3 


7 

4 
hours, the remainder of: the divifion the mi- > 1-8 
nates after 6 of the Clock in themorning, that © 
*tis Full Sea. In this caſe it is 5 hours and } 
of an hour, or 36 minutes. '1 ſay then, that when the Moon is 7 
days old, it flows 5 ho. 36' later than-6 of the Clock, which is 11 of 
the Clock 36 minutes. . _ 


144 To findthe time of High Water or Full S:e. 
Example 2. 


Admit the Moon were 14 days old, I demand the time of Full Sea : 
I multiply and divide, and the quotion is 11 ho. 12'; which I adde 
to. 6 ho. and it makes 17 ho. 12' 3 from which if you take 12 hours, 
= —_ is the hour of High Water in the afternoon, whichis 5 a 
oeck12'. 


Example 3. 


If the Moon were 15 days old, I multiply and divide, and find the 
quotion is 12, and the remainder js 00 from whence I conclude *cis 
High Water at 6 of the Clock, and that it isa full Moon. Now after 
that time of her Fll,you may reje& '15 days of her Age, and reckon 
her Age above the'Full, as though it were her Age indeed. 


Example 4. 


Admit the Moon were 19 days old; I multiply and divide, and the 
quotion and remainder is 15 ho. 12'z which adde to 6 hours, gives 
9 of the Clock 12' for High Water, in the afternoon or moming, 
( There may be 22' or thereabouts, added for the aftemoon Tyde, be- 
cauſe of the diſtance of time.) But now I ay, if in this Example you 
bad argiected the 15 days of the Moons Age, and multiplied -4 by 4, 
jt would have been 16; and that produdt divided by 5, would have 
been 3 ho. and 12'; which added to 6 hours, is the morning Tyde, 
9 of the Clock 12/, 


5. To find what year it is from Leap-year. 


Ty= the year of our Lord by four, and the remainder of the di- 
viſion is Leap-year 3 or if you negle& the thouſand, and the 
hundreds, and the ſcores, and divide the remainder which is under a 
ſcore, ir gizes the ſame thing, 


Example 


To find the Dominical Letter. + 145 


Example I's 


® What year from Leap-yearis 1684 ? Here, if I (0 
divide 1684 by 4, the remainder is 0; and if | di- x&8 + (421 


vide 4 by 4 ( and negle& the ſcores and all above 444 


it ) the remainder is © : fo that from hence I con- (0 
clude this year 1684 is Leap-year. 4 (1 
Example 2, 2 
What year from Leap-year, is 1686? [I divide 6 (2 
by 4, and the remainder of the divifion is 2 : from # (1 
whence 1 ccnclude, it's the ſecond year from Leap- 4 
year. 
6. To find the Dominical Letter for 168. 
Dde the year of cur Lord 1684 
A And one fourth of 1684, which is 0421 
And 4, together ©0004 
The ſum is 2109 
Divide that ſum by 7, and note the remainder of (2 


the diviſion, which here is 2 : ſubſtra& ir from 7, 2 r&g (301 
and the remainder is 5. 1 fay then the Dominical 7 
Letter is the fifth Letter in the Alphabet, namely E, 


for the year 1684. 


under the command of Captain Kemptborne of New England ; 
and after ſome hard(hip, and about eight months time ſpent on that 
Voyage, we loſt our ſhip at St. Antonies Cone of the Cape de Verde 
Iſlands ) and to tell what we endured then, would be too long a di- 
greſſion : but to be ſhort, we built a Boat out of the pieces of the 
{hip that drove aſhore, and went over to St. Vincent ( an Iſland theres 
by ) where was ſome Bandeded Portugals, Roman Catholicks in their 


Perſwaſion, and it being Sznday, they had a Kid a roſting, ; but we _ 
V had:- 


Wi I was a Youth of about fifteen years of age, I went to Sca 


146 To find the firſt of March, &«c. 
had loſt a day, and counted it Satwrday, and thought we ſhould have 
had the Kid, becauſe it was their fifth day, but found the contrary, 


and by them were ſatished that it was Sunday, or elſe had gone to Sea , 


in our Boat and miſſcd Barbadoes ( for ought I know ) 3 but we pro- 
ceeded in our Voyage and arrived in our Boat very ſafe fifteen Souls 
of us, ( Gods Name be praiſed..) Now. this is Argument enough to 
me to ſet down the following Rules to find the day of 'the Month. 


And 1. To find what day of the Week the Firſt of March falls 
on, my Father comprized theſe Verſes. | 


Some of the Tear, one forth and two, 
Divide by ſeven, the reſt. count you. 


From Sunday to the firſt of March, including both. 


1. Example Anno 1684. 


The ſum of the year is | 1684. 

The one forth part of it is 421 

To which adde | 02 
The ſum is 2107 


Which ſam divide by 7, there remains ©. of the diviſion ft 
whence I conclude, that this year the firſt. day, of OF 
March is of a Saturday. If the remainder of the di- 0-5: 
viſion had been 1, 1 would have counted it Sunday; Z#&7 (300) 
if 2, Munday, if 3, Tueſday 3 if 4, Wedneſday, it 5, © P77? 
Thrrſday it 6, Friday; it 7 ors ©, Saturday. 


2. Example 1655, 


The ſum of the year is 1685 
Thc ; of that ſum is 421 
To which adde 2 2 
Sum 21CS 
Which ſum divided by 7, leaves the remaining (1 


part of the diviſion to be 1 : from whence I conclude ' >? #8 (301) 
the firſt day of March will be of a Sunday the next 77? 
year 1685, Sccondly, 


4 


— ——_ 


— 


What day of the week will be the firſt of March. 147 


Secondly, To find which of the firſt ſeven days of any month is 
that day of the week with the firſt of March.. 


F or the caſe of memory, my Father comprized this DiGick. 


Cy . 8” : 4 

; Q DS. 

I IT 234 

VER hi ww nn The ERS ww Qa 
k An end comes grateful cver bleſt, 


From Death and Fears contagious Guett. 


GS II vas & Þ 
1311] 1 


Theſe twelve words ſignifie (in their firſt Jetteys }) twelve num- 
bers of the twelve Months of the Tear, beginning with March. (A) 
then being the firſt /etter in the Alphabet, fignities the firſt of March ; 
(E) the fifth letter, ſignifies the 5th of April; (C) the third letter, 


ſignifies the third of Mayz (G) the ſeventh letter, ſignifies the 7th of 
une : and ſo proceeding with all the reſt, Now theſe days of cach 


* month are all the ſame week-day that the firſt of March is: As, if the 


the firſt of March be Sznday, then the 5th of April is Sunday, and fo is 
the third of May, and the 7th of Fane, and the 5th of Fuly, and the 
fecond of Ar:guft, and the 6th of September, and the 4th of Ofober, and 
the firlt of Norewbcr, and the 6th of December, and the third of Zanx- 
ary, and thc 7:h of F.bruary: Or if the firſt of March had been any 
day cl: of the week, the reſt would have been the ſame day of the 


Week, ©, 


Thirdly, Admit 7 know not the day of the week, nor alſo what 
week it is in the month, whether the firſt, ſecond, third, or 
fourth ; I demand the day of the month. 


Example. 


- Suppoſe the fourth week in Fune 1684, I would know what day of 
the zonth Mwnday is. «Fi Firſt 


148 What day ofthe week will be the firſt of March, 
Firſt, find the firſt of March m_— as hath been ſhewed, 
The remaining part of the diviſion is ©, | 
therefore, ws the Rule, the firſt of 1684, F- 
March was of a Saturday. And by the pre= 421 
ceding Diſtick, the 7th of = was of a $a- 2 X#X#7?(301) 
turday; and then muſt the next Saturday —_ 777 
be the 14th ( for the ſecond week in Jwne_) 7 
and the 21th of a Satzrday for the third 
week, and the 28th of a Satzrday for the fourth week; ( to which 
adde Sxnday and Mwnday, which is two days ) and it makes Myn- 
deyin the fourth week in Jwne to be on the 3oth day : The like for 
any day elſc, | . 


It may fall out, that a man is to ſeek, what week, it is of @ month, whether 
the firſt, ſecond, third, or fourth, and yet be may know what day of the 
week it is two + But now in this caſe, bow ſhall a maii do to know what 
day of the month that day of the week, is ? 


For this ( the beſt way that I know ) is to help himſelf by the 
Moons Age, if he can conjeQure what age ſhe is within a few ays 3 
which he may do ſome way or other, cither by her bigneſs, or her tol- 
lowing the Sun upon her increaſing, or riſing after the Sun upon her 
decreafing : or if a man be aſhore, he may guels within a few days the 

"age of the Moon by the Tydes. 
- This premiſed, that we may gueſs at the Moons age within a few 
days, we'll ſtate the Queſtion. 


Fourthly, Admit upon a certain Munday in July 1684, I would 
know the day of the month, But know not what week of the 
month this Munday #, whether the firſt, ſecond, third or fourth, 
and ſo not whether it be at the beginning, middle, or ending 


of it. 


r the reſolving this doubt, I look upon the Moon ( if at Sea, 
where I cannot ſec the time of the Tyde ) and 1 find ſhe is in- 
creaſing not far from the Sun, nor very near him, and therefore I'll 
gueſs the Moon to be ſeven days old, and the EpaGt this year is 23, 
and Faly being the fifth month, I adde theſe two together, ( namely, 
the Epait and the month from March }) and they make 28 3 to which 
if you adde the ſuppoſed Moons age ſeven days, it makes 35 3 from 
| Ds which 


Fo 
*” 
. 


The Extraflion of the Square Root. 149 


which ſubfira& 30 ( becauſe it's above a whole Moon ) the remain- 
der is 5 for the day of the month; but by the Diſtick the 5th day of 
July ſhould be of a Saturdzy, and therefore Mwnday being two days 
after it, is the 7th day of the month. This, when your Epad? and 
months from March be more than the ſuppoſed Moons Age. 


A 


CHAP. XXL: ons aff 
How to Extraf# the Square and Cube Roots of any 
aumber, both by Arithmetick , and by the Table 
of Logarithms at the end of this Book. | 


I. Of the Extraftion of the Square Root. 


He Square of ary number is that number multiplicd by ic ſelf 

as 4 multiplied by it ſelf is 16 ('the Square of 4 )3 and the 
| Root of any number is- the number it ſelf, as here 4 is the .. 

Root of 16. And Ki is requiſite that the young Sea-man or Gunner 
ſhould readily know the Squares of all the nine Digits 3 which this -5;:;:.-- - 
Table ſheweth. je hp 


Root E343 4-20.24 6 
Square 1 4 9 16 25 36 49 64 8r 


Example 1. 


Admit I world Extrali tbe Square Root of 4096. 


I ſet my number down, and draw a crooked Line 
for a Quotient, as you ſee here in the Margen, and 
prick the firſt figure from the Quotient, and every 0- - 4996 C 
ther. Now ſo many figures as there is pricks, will * * - 
be the number of figures contained in the root of the 
given number, 
Myſum being thus fitted, 1 ask what is the great- 
eft Root in the firſt Square 40, and I conſider 6 is the 
neareft leſs; for 6 time#'6 is 36: ( note, always to 


take 


x50 The Extra&ion of the Squire Root. 


take the neareſt leſs.) Set 6 in the Quoticnt, FRED | 
and 6 upon the prick, 2nd ſay, ( asm com-  _ "99/9 6(6:. 1440 


mon Diviſien ) 6 times 6 is 36 frem 40, and © + 46% bl-7. 

the remainder is 4.3 daſh as you go, and the {ome 

ſum will ſtand thus. > RIS EG 
This done, double the Quotient for a new 4296(6 

Diviſor, and the ſum ftands thus. --. - ---— a" 116", ET 
Then ( as in common Diviſion) ask how I 


many times 1 you can havg,in g 3 ( buy t $ 
this care that you take = ah times t 


that fo taken and ſet the next prick, *, ov. (0... ow” 
and multiplied in it af (25 well as the 0». S#<0 ; 
thers by it ) will be taken out-of che remain- H&E -4 (64 .. 


ing Diviſor : ) and. with this ln 04s. 
in common Diviſion, and your ſum is done, 
and ſtands thus ; 64 being the Root, and no- 


thing remains. 
Example 2. 
p Admit I would extraft the _ Root of 
' 37587(. (3. 
TS: ; N xr p(3 $ 
_ | 
Firſt I ſet it in order, and procecd in the 3798 @ 
ſame manner as in the laſt Exawple, and the |» z Oi 3 193 
Root is 193, and a part cf a urite above buit ec 
if you would prove w apy ons Reot be Ox- 579 
tracted true, miltiply the © 4 oticut in it (cl, 17378 
and adde in the remain, iacs i the Diviſion, -1933 
and the Predudt wil! be the Dividezne, as you 3 
may {ce in; the Margcn. | — | 
It you would extra the came Roct to ABA 
the ter:!h part ct a unite, *tis but adding two ($- ©: 
Cypiicrs.to th: [3iviſor, with a little dath bc- 3 (8 
twcen, and the Root w?ll be 'as in the Mar- 39s 


gen, 193,83 tlatis, 193 and 5 tcnths of a "S210 

unite. Jf yuu world have ft done to the ZIA4S 2(6 
hundreth pazt of a unite, you mult adde four 

Cyphers, and ſv you may come infinitcly +7 5 M4 (193,8 
near, though not exaQtly tobe done without #298 x#8 


ſome traGion, by the learnedſt man living z z8 , 
an 


— - -. 


The Extratlion of the-Cubesroct: I5y, 
and ſuch numbers as will not'be extrated without leaving a 'remain- 
der, are therefore called Surd zumbers... Thus much for the Squert 


Foot. 
: IL. The Extraftion of the Cube-root. 


The Cube ofany number js that number multiplicd in it ſelf, and 
that Product multiplied by the ſame again. Thus, the Squar 

of 4 is 16-3 multiply 16 by 4, and is produceth,64, which.is che Cxbe 
of 4: ſo'4 is the Cubc-rcot of 64, Thelike is to be underliood of 
any number elſe, But before you go forward, it will be convenient 
that you have the table of the Cube.of every number, from 1 to 9, by 


beart'3, apd;therefore I'have here inſerted them, = 


The Cube-of x is or Y( The Cube of 6 is 216 
The Cube of 2 is o8{ YThe Cnbeof 7 is 343 
The Cube of 3 is ' 27 >& The Cubeof 8 is 512 
The Cube df 4 is * 64 JThe Cube of 9 is: 729 
The Cube of 5 is 125 $I 
. | _____.._ © Example 1. | 
Admit I would extraft the Cubc-root off this number 157464. 


' Firſt you are;to underſtand that as you prjck.:every ſecond figure 
when you extraCt the Square Root, fo you mult prick:cvery third figure 
to extract the Cxbe-root of a number, thus: 1574544 ( And as many 
' pricks as there is under the given number, ſo many figures will be in 
the Crbe-root of your number, ( as in this caſe- two tigures.) 

But to procecd : Having (ct my fum in order 

thug and having the preceding 1 able by heart, I 
deman4 the greateli Cube. in the tirlt Cube-num- 157494 (5 
ber 157, and | tind the 'greatctit (els) is 5; I et ng 
3s the Quoticnt, and cube it, 204 it makes 125, 325 

xt 125, as'1;1_ the Margen, ana ſubfiract it from Th 

I57, and tic Dh is 32 4 to which carry 32464 reſolpend, 
own your next Cuve 464, .and: the nuniber milk 
liand-thus, 32454 3 which | call the Reſolvend. 
X © 


Ticn 


Then ſquare the Quotient, and treble that 
$quare, and it makes 75 3 alſo treble the Quotient, 
and it makes 15 3 ſet them down as in the Mar- 
gen, and adde them together, and the ſum 765 is 
a new Diviſor , and ſtands ( as there you may 
ſee.) : 

Now let the whole Reſolvend ( except the 1i- 


gure next the Quotient ) be accounted as a Di- - 


vidend, and demand how many times 7 ( of the 
Diviſor ) you can have out of 32, ( that is, his 
correſpondent part in the Dividend ) and take as 
in common Diviſion ( obſerving all cautions. as 


you do there )'and I find I can have 4 times 73 


. (ety in the Quotient, and the ſum will ftand as in 
the Margen. 
Next, multiply the 75, which was the treble 


Square of 5, ( in the Quotient, and was 75 ) by. 
the 4 in the Quoticnt,. and it makes 300 3 ſet it” 


down as here you fec, ard the ſum fads as in the 
Margen. - | | 
This done, multiply the 4 in the Quotient in it 
ſelf, and it makes 16 3 and that by the treble of 
5 (in the Quotient, which is 15 ) and it makes 
240, and ſet it under 300, as in the Margen : 
alſo cube the 4 in the ient ( which is 64 } 
and ſet it under 240 3 them ſums adde toge- 
ther (as in the Margen) and they produce 32464 3 
which ſum ſubltra&t from the Reſolvend, placing, 


the remainder underneath, which will be 00000. 


Thus the work is finiſhed, and the Cube-root of 
157464 is 54 juſt, 

C4 Now this is to be minded: If the ſum laſt 
which was ſubltracted from” the Refolvend had 
been more than the Reſolvend, the Root is not 
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157464 (5 


I2 


L.; FR 
3246 4 reſolvead 


I2 


32494 reſolvend 


75 


125 


75 


extraQted right, and it muſt be done again , for the Root is too 


much. 


C For cvery Cube -( which is known by the points or pricks ) ex- 
cept the firſt, ( which is fartheſt from the Quotient) a Reſolvend is 
to be ſer apart, by bringing the next Cube to the remainder. Allo, as 
often as you have a new Refolvend, -ſo often you muſt have a new Di- 


»if5r. which is found thus : 


Adde the treblc of all the Root in the 


Quotient, 


32464 reſolvend 


' The ExtraSion of the Cube-root. 53 
otient to the treble of the Square of the ſame Root, after they are 
placed in that order as is ſhewed in the Work before wrought. 


The way of finding the firſt figure of the Root of any number, is 
onely uſed at firſt but all the work afterward is uſed for finding every 


place ( except the firſtin the Root.) Now theſe Notes I would have 


you carcfully uſe for to guide you in your work. 


Example 2. 


Suppoſe I would Extratt the Root of this number 8203248. 


Firſt, diſtinguiſh the Cubes by the pricks (as 
hath been fhewed ) and then demand what is 
the greateſt Cube in 8 ( which is the firſt 
Cube-number ) and I conſider 2 is. Set 2 in the 
Quotient, and then cube the Quedient, and it is 
$8; ſet 8 upon the prick, under 8, and ſubſtra&t it 
from 8, and ſet down the remainder underneath 
(whichis ©) 3 to that o bring downathe next 
Cube, which is 203, and the Work will land 
thus. 

Now this Work ( as I fay ) is no more re- 
peated in the whole Werk. Draw a Line under 
the Reſolvend, and ſquare the Root in the Quo- 
tient ( which is 4 ) and treble that Square, and 
it is 12 : this I ſet down under the Reſolvend ((o) 
| that 2 (in the unites place) may ſtand under 2 in 

the Reſolvand. Again, treble the Root in the 

g_ and it makes6 3 ſet it as you fee in the 
' Work, then adde them together, and they pro- 

yr 126 for a new Devizor, and the Work ſtands 

thus. 


Next, counting all the figures of the Reſolvend, 
except that furtheſt to the right hand, for a Divi- 
dend, I demand how often I can have the Devizor 
( which is 126 ) from the Reſolvend ( cxcept- 

ing one figure to the right hand) and I find I can- 

| not take it once, and therefore I ſet © in the Quo- 
_ * tient, and becauſe the three numbers that ſhould 

* have been produced ( as in the firſt Example ) by 
the multiplying of o by 0, comes -- 03 the Re- 


8203248 ( 


— 


Sum in order. 


$203248 (2 
8 


0203 reſolvend 


8203248 (2 


0203 reſolvend 


$203248 (20 


0203 reſolvend 

12 

i 06 

126 devizor 
203248 reſolv. 


ſolvend 
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{ulvend continues the farre it was before: therefore ( drawing a Line 
under the Devizor ) ſet down the ſame Reſolvend 203, and bring 
down the next Cuve-number 248 and et to it, on the right hand, 
ſo you will havz 203248 for a new Reſolvend, and the Work will 


fiand thus. 

Then | fquare the Root 20, and it makes 400 3 
I treble that Square, and it mabes 1200, Set it 
dawn under the new Reſolvend, and as you ſee 
in the Work 3 then ſet the treble of the whole 
Root in the Quotient 20 ( which is 60 ) under- 


neath 1200 in the manner , as you ſee in the 


Work : ( for the © is vnder the laft figure but 
one to the right hand of the Reſolvend, and hath 
been fo all along to cvery Reſolvend.) Adde 
them together for a new Devizor, and the ſum is 
12060, and ſtands thus, 


co (20 
0203 reſolvend 
I2 

06 

126 devizor 
_203248 reſale. 

I 200 

60 


I 2060 devizor 


Now counting the whole Reſolvend, excepting che laſt tigure to the 


right hand, for a new Dividend, I demand how 
many times 1 ( the left hat figure of the De- 
vizor ) { can have in 25 and though 1 can 
have ewice one, | muſt not take it; for then in the 
concluſion the fum*will be more than the Reſol- 
vend, which muſt not be z but I take 1, and Write 
it in the Quotient, then multiplying 1200 by the 
tigure laſt placed in the Quotient, the produdt is 
the ſame, becauſe it was but 1 that multiplied it : 
place it under the 1200, as you ſce ; alſo multi- 
ply the treble Root 60 by the ſquare of the figure 
lak placed in the Quotient 1, and it is ( 60 ) be- 
cauſe 1 neither multiplies nor divides, and ſet it 
under 1200, fo as you ſee. Laſtly, cube the laſt 
figure in the Qaotient, and (ct it under, as you ſee 
( the Cube of 11s 1 ). Set it under the laſt, or 
right hand figure of the Reſolvend, and adde them 
all together, their ſam is 120601 3 which num- 
ber ſabltrat from the Relolvend 203248, and 
tae renninder is 082647, 


ogaes (201 


2 03 reſolvend 
06 

126 devizor 

203248 reſo. 
1200 


OT 
120601 ablatit. 
082647 remain. 


Thus the Work is finithed, and 1 find the Cube-root of 8203248, 
is 201, and ſomerhing more, becauſe there remains $2647 z but how 
much it is more, no man in the world can exa&ly tell, although it 
may bc done inhnitcly near by adding ternaries of Cyphers, to wit,o00 


to 
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to the number whoſe Root is to be found : one ternary will bring i* 
fo the tenth of a unite, two ternaries ( thus, 000. 000) added will 
bring it to hundreds of a unite, &'c. But this may ſuffice for the A- 
rithmetical ExtraQtion of the Cube-root. 

But becauſe it ſeems inteicate to do ic this way, and indeed *tis not 
common for Sea-men and Gunners to be ſo good Arithmetitians , { for 
whoſe ſake I write this ) I ſhall here following ſhew a very cafie way 
nw both the Squere and Cube-root by the Tables of Log+z- 
rithms. 


How to extraft the Square Root of any number, by the Table of 
Logarithms. 


If you would ſquare any number, look for the: Logarithm of that 
number, and double it : the number anſwering to that Logarithm 
is the Square required. 


Example. 
It 1 would know the Square of 5, the Logarithm is 0.69897 
2 


The double of that Logarithm is 1.39794 
The number anſwering thisis 25, the Square required, 
"Tis evident then, that if you would extract the Square Root of any 
number, that if you take the half of his Logarithm, the number an- 
(wcring to that, is the Root of that number. 


Example. 
Let it be required to extract the Square root of 25. 
Took for the Logarithm of 25, and itis 1.39794 
The half of his Logarithm is 0.69897 


Now the number anſwering this half is 5, the Roo of the number 
required, 


156 The Extraftion of the Cube-root by Logarithms. 


To Extraft the Cubc-root by the Table of Logarithms. 


F you would cube any number, look for the Logarithm of that 
I number, and treble it 3 the Product ſhall be the Logarithm of the 


Cube of that number, : 
Example. 
Let it be required to cube 5. 
I look for the Logarithm of 5, and it is 0.69897 
I multiply it by 
And the Product is this Logarithm 2.09691 


| 1 lookin the Tables, and find the number anſwering to this Loga- 
rithm is 125, the true Cube 5, which was required. 

It is evident then, that if you would extract the Cube-root of a num- 
ber, take the third of the Logarithm of that number, and it ſhall be the 
Logarithm of the Root required. 


Example. 
Let it be required to extrat the Cube-root of 125, 
I look for the Logarithm of 125, and itis 2.09691 
One third of it is : 0.69897 
Againſt which you will find 5, which is the Czbe-root of 125 re- 


quired, 
Thelike for any number whatſoever. This may be ſufficient for the 
ExtraQtion of the Squarc and Cube. 


CHAP, 
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CHAP XXTETL 


Some Caſes of aright angled Plain Triangle, perform- 
ed by the Square Root. 


CASE r. 
Diſtaxce run, and difference of Latitude given, to fiid the 
Departure. 


Oueſt. 1. Admit I ſail upon ſome point between the South and the 
Ealt 58 leagues, I demand my departure from my Meridian, provi- 
ded I have differed my Latitude 1 deg. 3o' or 30 leagues ? 


Note, The Square of the longeſt fide of any right lincd right angled Tri- 
exgle,is equal to the Square of the. other two ſides, Eucl. 1. prop.47. 


C 
o> 
70 P 
| 
A. _— B. 


ſquare the difference of Latitude C A 30, and fſubſtrat is 
from the ſquare of C B, the remainder mult be the ſquare 


of A B, the Meridian-diſtance » the Root of which nuinber is the 
fide A B, 


of then if we ſquare the ſide C B58 leagues, and afterwards 


E xample. 


& 
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AC 3o CB 5$ 
Facit 49 for the ſide AB - bh 


900 464 * 


The Square is 3364 
g00 


The re of AB 2464 
N: xt, to find the Courſe, *__ x6 4: 
We have now the Meridian- diſtance found to be 49 #8 4 (3 
leagues, and the difference of Latitude AC 30 leagues #48 4(49 
. asg 


is given. 
A General Rule. 


Take balf the length of the longeſt of the leſſer ſider, and adde it to the 
largeſt ſide, ( which the diſtance run |) and ſay, 

At that ſum, is to the ſhorteſt fide 3, ſo is this general number $6, to the 
Angle oppofite to that ſhorteſt fide 3 which ( in this caſe) is B, the Come 
plement of the Courſe to go degrees. ( I have ſhewed in the Do- 
drine of Triangles, how the three Angles of any right lined Triangle 
contain but 1$0 degrees : then, if (o, one Angle being 90 degrees, or 
a right Angle, the othcr two muſt bz Complements one to another, as 
in this caſe.) To procecd : 


Example. 
The longeſt fide is B C 5 
The longeſt of the leſſer fide is A B49 3 its half, omitting 
the halt unite, is $2 


8 
3 


Which together are 83 
I fay then, If the ſum of half AB, and all B C 53, gives A C 303 
What ſhall 86 give? And it gives 31 deg. 5', which is the Angle 
632 - 30 35 © Boe at B, whoſe Complement to 
90 deg, is the Angle of the 
—_ Courls 


gr — C,58 deg. 55' to the 
_NOTP: .: 2580 FEaſtward-of the South. 
>589(31;: 7 (5 


But 
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But you may ask how the 5” comes out : you ſce the remainder of 
the firſt diviſion is 7 3 I multiply that by 60, and it gives:420 3 and 
that Produd divided by the firlt Diviſor 83, gives the minutes that be 
contained in the fraQtion, which here is 5'. 


CASE 2:. 


The diſtance run, and departure from the Meridian given, to 
find the Courſe and difference of Latitude. 


| Queſt. 2. Let the departure from the Meridian be 30 miles, 3nd the di- 
ftance run 54 miles, I demand the Courſe and difference of Latitude, 
provided I ſailed between the North and tbe Weſt. 


N this caſe, ſquare the diſtance run by it (elf, and the departure from 
the Meridiap by, it ſelf, and ſubſtra&t the leſſer ſquare from the 
greater, and the remainder is the ſquare of the difference of Latitude 3 
becauſe the ſquare of the longeſt tide is equal to the ſquares of both 
the other two ( as hath been (ſhewed ) 3 the Root of which is the dif- 
ference of Latitude rcquircd. 


Example, ſor the difference of Latitude. 


30 54 
30 54 
The Square of the Departure 900 216 (8 
270 #4F#(0 
— 2#Xx6(44 thedift. of 
The Square of the difference 2916 4884 Latitade. 
900 


The Square of the difference of Latitude 2016 


For the Conrſe, 


] take half the length of the longeſt of the leſſer ſides, and the 
longeſt fide, and adde them together, and ſay, If that ſum ( which is 
' 76) gives the leaſt fide 30, what fhall 86 give, and it gives in this 
Example 32 deg. 36', which is the Angle of the Courſe, becauſe it's 
againii che ſhorteſt tide, which is the departure, 


CASE 


Tr6o Some Caſes of a right angled right lined 


CASE 3. 


Difference of Latitude and Departure given, to find the Courſ: 
and diſtance, | 


Queſt. 3. Let the difference of Latitude be 60 miles, the Departure 38 
miles, I demand the Courſe and diſtance run. 


Firſt, For the Diſtance. : 

] Conſider the ſquare of the difference of Latitude, and the ſquare 
. of the Departure, are cqual to the ſquare of the diſtance run there- 
fore (quare them ſeverally, and adde their ſquares together, and that 


ſum is the ſquare of the diſtance run , the root of which, is the length 
of that fade. 


Ex les 60 38 
"_ 60 38 
The difference of Latitude ſquarcd is 3600 304 
The Meridian-diſtance ſquarcd is 1444 14 
The ſum is the ſquare of the diſtance $5044 1444 
The Root of which number is 71, the diftance Xx (3 
in miles required. 50 44%(71 
74X 
x 
Secondly, For the Courſe. 


T take ( as before ) the longeſt of the lefler fides, and adde the halt 
- wof it to the diſtance run, and it makes 101. 

I ay then, If 101 gives 38, what ſhall 86 give ? I multiply and 
divide, and find 32 for the Quotient, and 36 for the remainder; 
which is 32 deg. 21', the Courle made good. The like of any other 
of this kind. . , 


Gn 


m Cn 


CHAP. XXIIL 


Some Caſes of Oblique angled Trienghes, performed 
by the Plain Scale. 


CASE rx. 


Tivo fides, with an Angle oppoſite to one of them given, to find 
the other Angles, and the ſide. - 4 


Ups I, Admit there be two Ships ſet from one Port , one ſails North 
orth Eoft 53 leagues, the other ſails 67 leagues, and at the end of 
ber ſailing the Ship bears from ber North Wit 3 1 demand their 
diſtance aſnnder, and the ſecond Ships Courſe ? IE ©; 


Ai 


| 1 9d this, draw the North and South Line AD 3 and making A 
the place of your Ships ſeeding out, ſet off a North ey" 
' c 


22 » 
2244 gen” 
Py _ * 
0252058 #64 0406500555% a 
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Courſe from A ( which is the firſt Ships rumb ) and upon it ſet off 
her diſtance run 58 leagues, which reacheth from A to B : then from 


B, as a center, deſcribe the Arch AC, and from A, towards C, ſet off: 


lix points, and draw the Line BC, which Is a South Eaſt Courſe from 
B, or from CtoB is a North Welt Courſe, according to the Queſti- 
on. Laſtly, take the ſecond Ships diſtance run 67 leagues, and fixi 
one foot in A, where the other foot of your Compaſſes cuts the N 
Weſt and South Eaſt Line BC, there muſt your ſecond Ship be ( which 
is atC ) 5 and this is evident, becauſe CB cuts the firſt, and isa North 
Welt Line from the ſecond, as the Queſtion gives it. 

Meaſure the fide CB, and it's the dittance of the Ships one from 
the other, 62 + leagues. 5 

Meaſure the Angle at A, whoſe meaſure is O C, and is ſo many de- 
grees or points to the Ealtwards of the North, North Eaſt ( the firſt 
Ships Courſe ) it makes 3 * I find it here to be North North Eaſt 59 
d | 30' Eaſterly, or Eaſt $ degrees Northerly. The like for avy ether 

this nature. 


CASE 2; 


The Angles of a Triang/e, and one of the fides given, to find the 
' other two fides. 


Queſt, 2. Admit I ſer from a certain Poyt, and ſail Weſt by South 38 
leagues, and then meet with a Sbip that came from a place that bears 
North Wit by Weſt from that Port ( if that Sbip had ſailed South 
IWeft ) IT demand ber diſtance run, and the diſtance between the two 


places. 
Br C be the place I ſet 
Hin from, from which draw 
_ the Weſt by South Line C A, 
% | and upon it ſet off 38 leagues; 
then from C ſet off the Line 
CR, a North Weſt by Weſt 
Line ( drawn out at plea- 
fure ). Laſily, from A draw 
a North Eaſt Line, as AR is, 
till it cut the Line CR,which 
itdothin R; then muſt R 
C be the diſtance between 
the two Ports 3 and RA the 
ſecond 


by the Plain Scale. 163 


* © ſecond Ships diſtance run, becauſe *tis a South Weſt Line from R, to 
the place where the Ships mcet. 


* The diſtance between the places R C is 21 leagues 
The ſecond Ships diftance run R A is 27 lexgues ? 
CASE ;. 

Two fides and the contained Ang/e given, to find the third ſide 
and the other Angles. 


Queſt. 3. Admit there 5: two Ships ſet from one Port, one ſails South IVelt 
by Weſt 3 leagnes, the other ſails Weſt 49 leagues; I demand the di- 
ſtance between theſe Ships at the end of their ſailing, and their bearing 

' one from the other. 


Uppoſe B to be the 
g place I ſet from 3 A, 


draw the Wett Line 
BA from it, and ſet oft 
49 leagues, allo draw 
the Line B D a_ South 
Welt by Welt Line, 
from B, and ſ:t off 38 
leaguesapon that which 
reacheth to D, draw 
your fide DA, and ſo you have the Triangle ABD. Take off AD. 
and fce what it is: And bccauſe AB is an Eaſt Line from A, by an 
Arch of 60 degrees, ſee how many points to the Southwards of the 

Eaſt, the Line A D rens, which is their bearing one from the other. 
The Ships bear one from the other: N W by N 5 4. Wiily, 

or its contrary. 

They be diſtant from one another 27 leagnes | 
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CASE 4 
The three fides of a Triangle given, to find the Angles, 


Queſt. 4. There be two Ports in one Latitude, diftant 62 leagues 3 a Ship 
ſet from the Eaftermoſt of theſe Ports, and ſailed upon ſome point be- 
tween the North and the Weft 4 leagues, and then meets with a Ship 

' that had ſailed from the Weſtermoſt of theſe Ports 31 leagues : I de- 
mand each Ships Courſe. ' 


Raw the Eaſt and Weſt Line AC, and from C ſet off 62 
on it, which reacheth to A; next, take the Eaſtermoſt Ships 
diſtance run 48 leagues, and upon C, as a center, deſcribe the Arch S. 


®, B Fg 


Laſtly, take the Weſtermoſt Ships diſtance run, and ſet it from A, and 
where it cuts the Arch $ which is at B, there*the Ships muſt needs 
meet. You may meaſure the Angles of their <' z:rſe, from your firſt 
Eaft and Weſt Line AC. - 

The Eaſtermgſt Ship {.” '4 Weſt 29 deg. 20' Northerly. 

The Weſtermoſt Ship Cf... .4 Eaſt 46 deg. © *=therly. 


Thus much for Oblique Triangles by the Plain Scale, 


16; 


CHAP. XXIV. 


Propoſitions of Sailing by Mercator's Chard, perfor- 
med by the Plain Scale. : 


by the plain Scale of Longitude how to reduce that Reckoning ine 

to Mercator's Projection every day 3 and have alſo handled the 
Caſes of Right angled and Oblique angled Triangles by the Plain 
Scale. 

I come now to ſhew the Caſes of a right angled Triangle, perform- 
ed by the Plain Scale in Mercator's Sailing 3 which will more fully fa- 
tisfic you how that Reckoning is converted from Plain to Mercator's. 
PrejeRion. 


I Have ſhewed before how to keep a Reckoning by Plaino, and alſo 


PRO 8B. I. 


To find the Meridional parts contained between any two Lati- 
tudes. 


Queſt. 1. Admit I would know the Meridional parts contained between. 
the Latitudes of 51 deg, 10', and 48 deg. oo, 


Pb take the middle Latitude between theſe two Latitudes, which 
is dene by ſubſtraQing the leſſer Latitude from the greater 3 and- 
half that diffcrence adde to the Ieſer Latitude, and it gives the middle 
Latitude : (or it itbe ſubſtrafted from the greater Latitude, it doth 
the ſame thing.) 

I hind the middle Latitude here to be 49 deg. 35'. 

Next, ſee how roany miles gocs to make a degree of 1.ongitede in + 
that middle Latitude, which I find to be 39 miles (neareſt); then con- 
vert your whole diff.rence of Latitude into miles, and it makes 190 
miles or minurtcs, ( for all ininutcs of Latitude are miles; ) Then tay 
by the Rule of Three, If 39 miJcs gives 60' (or Meridional parts ) 
whet ſhall 190 miles givc?: 

2.J 


Fd 


E 
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(1 
g 39 F 
39 60 190 56 &(2 . 
60 #X4@0 (292 
: Facit 292 Meridional 11400 << 


Parts and 3; of a part 
So 1 conchade, that 292 is the Meridional parts contained in the 
difference of Latitude. I have ſhewed before how to find the num- 
ber of miles in any Parallc] that gocth to a degree of Longitude, by the 
Plain Scale of Chords, and Line of Longitude, and therefore omit it 
here. 
PROB. IL 


The Latitudes of two places, with the difference of Longitude 
given, to find their diſtance and Rumb. 


Queſt. 2. Admit there be two places, the one in North Latitude 5 1'dcg, 
10', the other in North Latitude 4.8 deg. 0C', and to the Wejtward of 
the Meridian of the Northermoit 4 deg. 3S' 3 I demand their diſtance in 
miles, and thcir bearing one from the other. 


anſwer this Queſtion; take the middle Latitude, and reduce the 

| diffcrence of Longitude into milcs ( as was ſhewed in the firlt 

Problem : ) alſo reduce the whole diffcrence of Latitude into miles, 

then hav2 you the difference of Latitude, and the difference of Longi- 

tude given, to find the Courſe and Departure, you may protraCt it, as 
hath becn ſhewcd in a Caſe of that kind already. 

The difference of Latitude, reduced into miles, is 190 miles. 

The difference of Longitude, reduced into miles, is 180 mile, 


The Triangle that is 
AA.” made with that diffe- 
rence of Latitude and 
Meridian diſtance , is 
CAB; take off the di- 
ſtance AC, and the An- 
gle of the Courſe at A, 
as is ſhewed. I find the 
diſtance A C is 260 
miles. The Courſe is 
trom the Noxrthermolt 
Poxt South 43 deg. 30 
Wetierly. 


But 


s 


performed by the Plain Scale. 167 


But this might have been protracted by the difference of Longitude 
given Mercator's way. Firſt, thus : Sce what Meridional parts are 
gontained between the two Latitudes ( as hath been ſhewed Prod. 1. ) 


A 


D E 


and I find 292 parts; with thisand my difference of Longitude in parts 
Tay down the Triangle A DE;-as if the parts were miles,and find the 
Courſe at A, as before,to be 43 deg. 3o', tothe Weſtwards of the South, 
pn, to D. This done, ſce what my difference of Latitude in miles 
is, and from A, I ſet it off to B, and draw the Line BC parallel to 
DE, and it cuts the rainge of the Courſe in C: fo then A is the di- 
liance.in miles between the places 3 and A is the of the Courſe 


p—_—_ to both the Triangles, and the ſame as it was found 
[0] . n 


PROB. 
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PRoO8B. IIL. 


The Latitades of two places, and the diſtance between them gj- 
ven, to find the Courſe that leads from one to the other, and 
the difference of Longitade between theme. 


Queſt. 3. Admit there be a place in the Latitude of 4.8 deg. and another 


in the Latitade of 51 degs 10', and to the Eaſtward of the former ( di- 


ſtant 260 miles ) ; 1 their bearing and difference of Lon- 


gitudes 


T* this caſe you have the two Latitudes given, and the diſtance 3 
that with the difference of Latitude reduced into miles, and the di- 
ſtancez you tmay lay down the Triangle ACB (as is ſhewed) and find 
the Courle, as in a common Queſtion, — _ 

The Courſe is North Eaſt by North, 9 deg. 45' Eafterly 3 or North, 


43 deg. 30' Eaſterly. 
E, But to find the difference of Longitude, we muſt lay down the Angle 
us. | 
E. YA D 
| 
B " -—C 
A 


upon the North and South Line from A, a 


. performed by the Plain Scule. '. 169g: 
Find the difference. of Latitude in Meridignal parts, and ſet it off 

nd it reacheth to E; from 
E raiſe a perpendicular or Eaſt Line, and wheretlie Line AC ( exten- 
Yed ) meets with that Line, which is at D 3 there the Ship will be, 


( by accounting the'fides in parts, ſuch as 60' makes a degree of 
Longitude )z meaſure the fide E D, and divide it by 60, and your 
Queſtion is anſwered. 


The difference of Longitude is E D 278 parts, or 4 deg. 38'. 
Ard this is evident : for, 


As AB. the difference of Latitude in miles, 

Is to AE, the difference of Latitude in Meridional parts 3 

So is BC, the Meridian-diftance, 

To E D, the difference of Longitude in parts, ſuch as 60'is 1 deg. 


PROB. IV. 


The Courſe or Rumb, and the Latitude of two places given, 
to find the diſtance and difference of Longitude between 


them, 


Queſt. 4- Admit there be a place in the-Latitude of 51 deg. 10', another * 
in the Latitude of 48 deg. 00'. Now the Northermoſt of theſe places 
bears from the Southermoſt, Nurth 43 deg. 3o' Eatterly s I demand the 
diſtance of theſe placer, and the dittcrence ot Longitude between them 7 


& tha lay down this Queſtion, ſubfirat the Latitudes one from the 
other, and ſo | have the dificrence of Latitude 3 4.g. 1c, or 
190 miles. With that and the Cowie given ( in the Quzſticn ) I 
lay down the Triangle ABC ( as is {h:wed bcfore.) This done, 
hnd the middle Latitude ( as before hath becn ſhewed ) it's 49 cg. 
35'3 andnext, the Meridional parts containcd between the two La- 
titudes, which is 292 parts, Theſe Mcridional parts ] uſe to ſet off 
the difference of Laticude in the ſecond Triangle, as 1 did the differcrce 

n L Ci 


—_— 
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of Latitude in miles in the firſt Triangle 3 and ſetting it from A, it 
reacheth toE; from E then draw the Line ED parallel to BC, till 
it concur in.the diſtance run, which is at D, then reſolve the Queſtion. 
AC is the diſtance run. in miles, 260 miles, 
E D is the difference of Longitude in minutes, 278 min. or 4 d. 39'. 
Take them off, and you will find them to be ſo upon the Scale of 
equal parts. 29 


PROB., V. 


The Rumb, or Courſe between two places, and the difference of 
Longitude, with one Latitude grven, to find the others Lati- 
tude, and the diſtance between them. 


Queſt. 5.. Admit T ſet from Lunde (which is in the Latitude of 51 deg. 
10”) and ſail till T have Weſt Longitude from it 4, deg, 33', and that 
then T bear from it Weſt 4.6 deg. 30' Sontherly. I demand my diſtance . 
from it, and what Latitude I am in ? - 


Fe: the laying down this Queſtion] convert my difference of Lon- 
gitude given into minutes or parts, by multiplying the —_ 
Y 


a -- 


performed by the Plain Scaie. 7! 
by 6o, and adding in the odde 28', and it is 278'. By the Courſe 
given me in the Queſtion, and this difference of Longitude in minutes, 


A 


Thay down the Triangle A E D, as any common Triangle islaid down, 
that hath the Courſe and Meridian-diſtance given, uſing the diffe- 
rence of Longitude, as if it were Meridian-diftance : This done, I ſee 
how many Meridional parts the difference ef Latitude AE is, and I 
find it here to be 292. And thus you have the Meridional parts con- 
kained between the two Latitudes. 

But now to find the other Latitude, you aresto conſider, you know 
not what number of miles is cnt in this difference of Latitude 
ns found, becauſe you know not the middle Latitude ;, therefore 

| proceed thus to find the other Latitude : I ſee by my Scale of 
Longitude how many miles goes to a degree in the Latitude that's 
= me, ( which is 51 deg. 10 ) and 1 find 38 miles (neareft.) I 

y then, If 60 Meridional parts of Latitude gives 38 miles ; What 

ſhall he Meridional parts contained between the two Latitudes 292 


give 
Z 2 60 
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60-3 38 27 292 


Facit 185 miles lacking for — goes | | 


ſeconds or 3 degs 4! 4; ot Lai 233% xxag(6(r8 (4(3 
7 £88560 H8&o©o 


cude. . 


This 3 deg. 5” of Latitude, ſubſtrated from the given Latitude, 
51 deg. 10' leaves for the other Latitude 48 deg. 5',which is too much 


Northerly. But let it ſtand. 

We will next ſee how many miles makes a degree in this Latitude 
found 48 deg. 5/, and it gives 40 miles. I ſay then, If 60 Meridional 
parts of Latitude,gives 40 miles 3 What ſhall the Meridional parts con- 
tained between the two Latitudes 292 parts, give ? 


60 3 4 23 292 
+ mp* co nd | 40 44G 0 . 
14-40” x&8(0 (x&(4( 
vs 116500 9880 #0 ; 


This then makes the difference of Latitude to be 3 deg. 15' (neareſt) 
ſo that the other Latitude then ſhould be 47 deg. 55', which is as 
much too little, as the other before found was too much : Wherefore, 
the half difference between the two Latitudes thus found, which is 
5', added to the lefler, gives the true Latitude required, 48 deg. oo' 3 
or ſubſtrated from the greater, which was 48 deg. 5', gives the ſame 
thing, namely 48 deg. oo'. The like for any other Queſtion of this 
pature. The reaſon of this is evident, ag appears by the very working 
of\it, by the two extream Latitudes, * | 

The ather Latitude being found, 1 ſubfirat chem one from the 0- 
ther, and the xemainder is the difference of Latitude, which is 3 deg. 
10', or 190 miles. 2 

Thus then I have the Courſe in-the Queſtion given me,and the diffe- 
rence of Latitude in miles, whereby I may lay down the little Triangle 
ABC, (asis ſhewed ) and take off the Cie A.C, and meaſure it. 

; The Ship is diſtant from Lande, or AG is 260 miles. 


PROB. 
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PaAoOB,. VL 


"The C ourſe, the- diſtance, and one Latitude given, to find the 6- 
ther Latitude, and the difference of Longitade. 


Queſt. 6, Admit there be. a place in the Latitude of 48 deg, 00! Nor- 
therly, aud I ſail from it North Weſt by North 9 deg. 45' Weſterly, 
Gann is North 43 deg. 30' Weſterly) 260 miles; I demand what 

atitude I am in, and my difference of Longitude, 


Q reſolve this Quattieny . Tay down the Triangle ABC, as hath 

been ſhewed before in.an Example of-that nature, and ſee what 

your difference of Latitude C A is in miles; 1 find it here to be 190. 
miles, ayd the Meridian-diftance is B C 1$0 miles, 

Now this 196 miles divided by 60, gives the difference of Latitude 
in degrees and minutes ( which is 3 deg. 10' ) that added to the La-. 
titude, 1 ſet from 48 deg. 00', gives the Latitude I am now in, namely 
52 deg.. 10' ( which was required.) : 


TD E 


| 


c 
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- Next, to find the difference of Longitude 3 1 take the half of 3 deg. 
10/, and ſubſirat it from the greateſt Latitude found ( or adde it to 
the leſſer given ) and you have the middle Latitude 49 deg. 35' 3 then' 
{ce how many miles goeth to a degree of Longitude in that Latitude, 
and I find 3S miles. I fay then, ( to find the Meridional con» , 
tained between the two Latitudes ) If 3$ miles gives 60 minutes, or 
parts z What ſhall the difference of Latitude in miles give, being 150 
miles? 1 multiply and divide, and find it gives 292 parts. 

Take this 292, and wit: it and the Courſe lay down the Triangle 
AED, uling the difference of Latitude in parts, as though they were 
miles, ard fo they will reach from AtoE ; from E raiſe a Perpendi- 
cular, and draw it out till it cuts the diſtance AB extended in D : 
Laſtly, take off the difference of Longitude DE, and fee how many 
minutes it 18. 


I tind the difference of Longitude D E to be 278' or 4 deg. 38". 


PRoB. VII. 


To convert any number of miles into minutes of Longitade, or 
minutes of Longitude into miles, in auy Latitude. 


Queſt. 7. 4dmit I would know in the Latitude of 28 deg, 30', bow 
miles is in 4 deg, 38' of Longitude. T7 


Educe the difference of itude given into minutes, and ſee 

how many miles goeth to a degree in the given Latitude, which 

I find in this Caſe 53 miles doth it. I ſay then, If 60 minutes gives 
53 miles 3 What ſhall the difference of Longitude in minutes give? 


which is 278 minutes. 


. 60 2 $3 22-298 
Facit 245 miles, 53 


and 34” of a mile PYx-=15 
834 Xx47[34(245 
1390 8660 


14734 


if you have occaſion to put miles into minutes, or Meridional parts; 
in any Latitude, *tis but finding in that Latitude how many miles po 
cth to a degree of Longitude, ( 


as we have done in the Example 
7p fore, 


_— 
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fore 53 ) and fay, If 53 miles gives 60 minutes; What ſhall: the De- 
parture 245 miles give ? Multiply and divide. 


» FE 
| $3 : 60 :: 245 HG 4 
60 Y5(9 
& 
TR 
FJ 


Facit 277 33, which is near 278, and would have been ſo exactly, 

if 1 had not negle&ed the fraction of the firſt number of miles found z 
but I have treated of this before,” and alſo ſhewed how to keep a Rec- 
koning by this way of Sailing, to which I refer you for both. And: 
thus you ſee all the Cafes of Sailing by Mercator's Chart. may be cx- 


atly reſolvcd by the Plain Scale. 


Before we proceed to the Dodtrine of Right lined Triangles, it will: 
be neceſſary to infert ( in this place ) ſome Trigonometrical Definitions, 


— ——_ 


— — 


— 


CHAP XXV; 
Trigonometrical De fi nitions 


Triavgle is a Figure conſiſting of three ſides, and 
as many Angles, as is the Triangle H G F. 

2, Any two fides of a Triangle, are called the 
fides of the Angle including between them, as the tides H F and G F 
are the ſides containing the Angle HF G. | 


Defin, I, 
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3. The meaſure of an Angle is the quantity of the Arch of a Olrcle 
deſcribed upon the angular point and cutting both the ſides containing 
the Angle. 

4. Fy Degree is the 360 part of any Circle. Therefore, 
5. A Scmi-circle contains 180 degrees. 'And, 

6. A Quadrant ( or right Angle ) contains godegrees. | 
7. The Complement of an Angle leſs than 90 degrees, is ſo much 


- as that Angle wanteth of 90 degrees. 


8. The Complement of an Angle to a Semi-circle, -is:{o-much as 
that Angle wanteth of 180 degrees, 

9. An Angle iscither Right, Acute,or Obtuſe. 

10. A Right Angle is that whoſe meaſure is 90 degrees, or a Qua- 
drant. 

11, An Acute Angle is leſs than a Right Angle, and always con- 
tains leſs than go degrees, : | 

12. An Obtuſe Angle is greater than a Right Angle, and always 
contains more than go degrees. | 

13. A Triangle is cither right angled, or oblique angled. - 

14. Aright'anglcd Triangle, is ſuch a Triangle as hath one Right 
Angle, as the tgene H G F hath one Right Angle, namely that at G, 
which containeth juſt go degrees. 

15. In every right angled Triangle, that fide which ſubtendeth 
( or licth oppoſite to ) the Right Angle is called the Hypotenuſe 3 and 
the other two ſides, the one is called the Perpendicular, ard the other 
the Baſe, at pleaſure: but moſt commenly the ſhorter fide is called the 
Perp:ndicular, and the longer fide the Baſe.” Thus the Triangle HF G 
the Hypotenuſe is H F, the Perpendicular HG, and the Baſe F G. 

16. In every right anglcd Triangle, if you have one of the Acute 
Ar.gies given, the cther is alſo given, it being the Complement thereot 
to 99 degrees, as in the Triangle HF G. If you have the Angle at 
H 62 degrees given, you have alſo the Angle at F given, it being the 
Comp'cment cf that at H to go degrees. Wherefore take 62 degrees 
from 5o degrees; and there will remain 28 deg, co', which is the quan- 
tity ot the Angle F. | 
' 17. Inall right lincd Triangles whatſocver, ( cither right angled, 
or oblique anglcd ) the three Angles together are equal to two Right 
Anglcs, or contain 180 degrees: thereture if you have any two An- 
gl:s of a Triangle given, you have alſo the third given, it being the 
Compl:ment 6f the other two, to 180 degrees: Thus, in the Trian- 


gleHKF (as in this figure ) if there were given the Angle H KF 
35 4cg.co/,ard the Angle HFIK 20 deg.oo' 3 1 ſay by conſeqtience you 


3 5 dege 
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have the third Angle K HF alſo given, being the Complement of the 
other two to 180 degrees: for the two given Angles H KF 35 deg. oo', 
and HFK 20 deg. oo', being added together, make 55 deg. oo' 


* which being taken from 180, remains 125 deg, for the Angle K HF. 


18. Inall Triangles whatſoever, the ſides are in proportion one to 
the other, as the ſines of the Angles oppoſite to thoſe ſides: ſo in the 
Triangle HKEF, the fine of the Angle at K is in proportion to the tide 
HF, which is oppoſite to it, as the fine of the Angle at F is to the lide 
H K, or the Angle at H to the fide F K. 


Theſe things I thought neceſſary to give ſome general hints of in 
this place. And now we will proceed to 


CHAP. XXVI. 


Of the DoSirine of right angled right lined Trian- 
oles. 


a right lined Triangle by the Plain Scale oncly, and givcn 
you ſome Trigonometrical Definitions, but now we will pro- 
;cecd to handle the ſame things, and rcfolve them by che Tabics of 
Sines, Tangents, and Logarithms z and by Gunter's Rulc. 

If you look back, you may there ſce the projection of the Plain Scale, 
how it*s deduced from a Circle, both the Sines, Tangents, and Chords 3 
but for our preſent purpoſe, it will be necclary to ſhew the Projection 
of thoſe Lines more diltinaly 3 which is done in the Figure tollow- 
log, Wt | 

- mY 2 Aa wy The 


H Itherto we have ſhewed the Reſolution of the ſeveral Caſes of 


178 Propoſitions of Sailing performed by the Tables 
E F 


--: 1 


IND > 


C 


1. The Sine cf an Arch, is a Line let fall perpendicularly from the 
Arch, to that other fide that goeth from the center of the ſame Arch ; 
as G K, is the Sine of the Angle at I, or the meaſure of itz or the Sine 
of the Arch G A, becauſe I G is the Radis of the Circle, or the Semi- 
diameter of the Circle, or the whole Sine. 

2. The Chord of an Arch, isa Line that gocth from one fide to the 
other of a Circle, like the firing of a Bow 3 as GB is the Chord 6f the 
Arch GAB, And here you may note, that The right Sine of an Arch 
# half the Chord of twice that Arch, as G K is the Sine of the Arch G A, 
and GKB is the Chord of the Arch G A B, which is twice that 
Arch, 
3. The Tangent of an Arch, is a Perpendicular raiſed from the R- 
dixs of that Arch without the Circle, and concurring with another 
Line that gozth from its center 3 as AF is the Tangent of the Arch 
G A, or the mcaſure of the Angle at I. 


A General Rule. 


And from hence its evident, That in a Triangle, any of the three fides 
may be put as Radius, or the Semi-diameter of the Circle, or the whole 
Sine 3 and the other fides ſhall be as Sines, Tangents, or Secants, by them 
repreſented z as we ſhall more fully ſhew by and by, and it's plain in 
the Projetion of the Plain Scale. 

Now the ſame proportion that the ſide put for Radius has to Radiw, 
the ſame hath the other ſides to the Siner, Tangent, or Secant by them 
repteſented.. ERR vs 4. The 
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4+ The Secant of an Arch, is the longeſt ſide of a Triangle, or a 
Line drawn from: the center, till it cuts the Tangent-line of that Arch 
+ as IF isthe Secant of the Angle at I. 
5. The Verſed Sine of an is that Line which is between the 
place where the right Sine falls, and the circumference 3 as K A is the 
Verſed Sine of the Arch GA. . 


Note, That the Sine of any Arch left than go deg, i alſo the Sine of an 
Arch as much greater 4 go deg, a G K is the Sine of the Arch G A. 
Now G A is leſs than go deg. by the Arch-G E, and is alſo the Sine of 
the Arch G E D, which }r more than go deg, by the ſame Arch E G. 


I infer from hence then, That if an Angle or Arch be above 90 deg. 
if you take the Sine of what that wants of 180 degrees, it's the ſame 
_ tor it's the Complement of it to 180 degrees 3 and one Sine 
you {ce ſerves for both. | 
6, The Complement of an Arch leſs than go degrees, is what that 
Arch or Angle wants of go degrees ; but if that Arch or Angle be a- 
bove 90 degrees, the Complement of it is what it wants of 180 degrees, 
or a Semi-circle. 

7- The three Angles of any right lined Triangle, conſiſts of no more 
nor leſs than a Semi-circle, or 180 degrees, as appears in this 
following 3 in which you muſt own, that RS X is a Semi-circle, Now 


> 
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if the Arches O W and VT, have the ſame diameter that the Arch 
XSNR hath then if you take W O and ſet it from S, it, reacheth 
N (it's the meaſure of the Angle at Zz ) and take VT and ſet it. 
from N, and it reacheth to R ( it's the meaſure of the Angle at G: ) 
ſo you ſee that all the three Angles reacheth from X to S, from S to N, 
and from N to R, and make a juſt Semi-circle, or 180 deg. XSN R, 
which was to be proved. 

From hence I'll conclude then, that in any right lined right angled 
Triangle, if one of the Angles beſides the Right Angle be known, the 
other Angle is known alſo 3 Ter it's that Angles Complement to 90 
degrees: 

Thaw ſaid, that any of the three ſides may be put as Radis, and the 
_ ſides ſhall be as Sines, Tangents, or Secants, by them repreſen- 
ted. 

From what hath been ſaid in the Proje&ion of the Plain Scale, this 
appears: That in the Triangle ACF, if AB be the Semi-diameter of 
th Circte that the Scale be made by; then is B G the meaſure of the 
Sireof the Angle oppoſite to it (namely A } or equal to it : and for 
the ſame reaſon is AC the Sine of the Angle tetoit atB, or ec- 
qual to it, ( for it's the meaſure of the Sine of it : ) from whence it's 
eyident, that if theſe ſides meaſure the Angles, or be equal to them, 
they muſt be proportional one to the other. 

Alſo, the fide A B is the Sine of the Right Angle at C ; for it's the 
Radius or the whole Sine of the Circle which the Scale is made by. 
And this you may ſee in the ProjeQion of the Plain Scale. And now 
I ſay, if they be equal, they muſt be proportional. So that from hence 
will ariſe this Conclxfion. 


A General Rule. 


That in all right lined Triangles, the Sine of every Angle is proportional 
to bis oppoſite ſide, or the contrary : Every (ide is proportional to the Sine 


of his oppoſite Angle. 


of Sines, Tangents, and Logarithms. 18x 
; B 


* 
- 


\ 


y -l - T1 ; 
A. % | 'C 


So then, as Radius or Size C, 

Is to B A, his oppoſite fide 3 

SL AD Es 

In proportion to A C, his oppoſite (ide 3 

And fo is Sine Ato his oppoſite fide BC, 
Or the Converſe. 


AsBA, 

Is in proportion'to Radiws, or Sine C 50 degrees ; 
So is AC, he Sine of his oppoſ 

In proportion to the Sine of his oppoſite Angle at B 3 
And ſo is BC tothe Sine of his oppoſite Angleat A. 


Theſe things premiſed, we'll make uſe of this general Rule as far as. 
we can 3 and proceed to work the CASES. 


CASE the firſt and ſecond. 


The Hypothinuſe ( which is the longeſt ide) and the Angle 
at. the Bace ( namely the Angle at A given) ; to find the 
Bace and the Perpendieular. 


Et the fide A B be 242 paces, the Angle at A be 29 deg. oo'; I 
demand the Bace AC, and the Perpendicular , in the Triangle 


(1) 
I. To 


«#82 "Propoſitions of Sailing performed by the Tables 


t. To find the Bace AC. 


As Radius, or Sine C 90 deg. 00' 
-Is in proportion to A B the Hypoth. 242 paces 2.3839r 
So is Sine B\the Complement of A to 29 deg.)S 614,00 9.94181 


—  — —— — 


To the Bace AC, 212 paces neareſt. 2.32562 


The Bace is not fall 212 paces; which fraftion being negleted, 
may cauſe ſome inconſiderable difference-in the Courſe, when things 
are given to hind that, I note it here as a thing I do on purpoſe for 
the Learners ſake, that ſo he may not be at a ſtand when he meets with 


- things not to hit exaRly to a minute. 


2. To find the Perpendicular. 
As Radius or Sine C 9c deg. 00' 


Is to AB 242 paces 3 2.38381 
So is Sine A 29 deg. 00' 9.68557 
'To CB the Perpendicalar 117 paces. 2.06938 


The Uſe of the Tables of Sines, Tangents, and Lopgarithms, IT have 
© "thewed towards the end of the Book, next before the Tables them- 


ſelves. 
Now this may be applicd to Sailing, or many other things of this 


-rature. We will apply it to Sailing. 


Queſt. 1. Admit 7 ſet from the Lizard ( lying in North Lati- 
tude 50 deg; oo min. ) and ſail South South WefF 6 deg. 
30 min. Weſterly ( that is, South 2.9 deg. Weſterly ) 2.42 
leagues ; I demand what Latitude 7 ans in, and-my depar- 
ture, in the Triangle folowing, ABC (2.) 


| Bo the ſide A B repreſent the diftance run 242 leagues, and the 
Angleat A be 29 deg. 00', ( then is B, the Complement of A to 
godegrees, 61 deg. oo' ): ſo that we haye the Angles and one ide 
given to find the fide A C. 


I. For 


# 
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1. For the difference of Latitude. Ik 
*As 7. C. 90 deg. or Radius, | 
ToBA 242 leagues 2.38381 
So is 5. B 61 deg; 00 9.94181 
ToAC the difference of La- 
titude required 212 _ 2.32562 
or 10 deg. 36'. | 
2. For the Meridian-diftance BC. 2 . 
As Radius or 5. C 90 deg. 00), 
Is to AB 242 leagues 3 2.38381 
So is 7. A 29 deg, ©O', 9:58557 =y 
To BC the Meridian-diſtance d 2.06938 
117 


Thus the Meridian-diſtance is 117, and ſomething more; the fra- 
Aion 1 omit : and this (hall ſerve tor the reſolution of two Caſes in a 
Triangle z namely, when the Angles and Hypothinuſe is given to find 
the Perpendicular z and when the Angles and Hypothinuſe is given to 
find the Bace : which things ( rcquircd ) are repreſented by the 4if- 
ference of Latitude and Meridien-diſtance. 


Note, That 5s. ſtands for Sine, t. for Tangent, 5.co. for Sine Comple- 
ment, t. co. for Tangent Complement, co. ar. for Complement Arithmc- 
tical. > ſtands'tor more, ---- ſtands for left, =ſiands for equal. - 


Note, That if you would find a Side, you muſt begin with an Angle ; 
if you would find an 4ngle,-you muſt begin with a Side. 


To reſolve the foregoing Queſtion by Mr. Gunter's Ruler, 


d ſee that the Sine of every Angle is proportional to its oppoſite 
fide, or the Convers, It ſtands to reaſon then, that as a ſide is to 
another ſide, ſo is the Sine of an Angle oppoſite to that fide, in propor- 
tion to the Sine of an Angle oppoſite to that. other fide. So that I'll - 
ſay, to find the Departure, 
As Radius s. C, 90 deg. - 
Is to 5, A 29 deg. oo'; 
So 
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So is AB the (ide oppoſite to Radixs A B 242 leagues, 
To B C the departure 117 leagues, the fide oppoſite to A, 
Fix one foot of your Compaſſes in 90 deg. 00" on the Line of Siner, 

and extend the other to 29 deg. on the ſame. ; 
With that diſtance, fix your Compaſſes at 242 on the Line of nzn- 

bers, and where the other foot falls under or lefs than that number, ' 
is the fourth number required ; as B C 117 leagues, ( and why leſs? ) 
becauſe from a greater Angle ( namely Radiws |) you extend to a les. 

Therefore tcom the (ide that is oppoſite to the greateſt Ahgle, you mult 

have a leſs ide 3 for the greateſt ſide ſubtends the greateſt Angle, &c. 


2. For the difference of Latitude A C. 


As Radius or Sine C 90 deg. ©0', 

Is to Sine B 61 deg. o0'; 

So is the diſtance run 242 A B, 

To the difference of Latitude A C 212 leagues. 

Fix one foot of your Compaſſes in Rediws on the Line of Sites, and 
extend the other to 61 dep. 

That diſtance ſet on the Line cf Numbers at 242, and it reacheth to 
a number leſs 3 namely, 212, the difference of Latitude. And thus 
you may rcſolve any Qucſiions of this nature, by Gunter's Ruler. 

You way in theſe and all other Queſtions of this nature, frame your 
proportions, as when you work by the Tables ( oppoſite fides and An- 
gles one with another ) and *twill do the ſame thing 3 as ſuppoſe in 
this ſecond proportion wrought by Gwnter, I put oppoſite fides and 
Angles in proportion, thus : | 

As Radius or 5. C 90 deg. 

Is to A Bthe diſtance run 242 leagues 3 

So is s. B 61 dep. o0', FR 
To AC the f— Ante of Latitude 212 leagues. 

Fix one foot in Radizs on the Line of Sines, and exterd the other 
to the diltance run on the Line of Numbers. -That diſtance carry to 
61 degrees on the Line of Sines, and ſee where the other foot falls on 
,, the Line of Numbers, which will be at 212. | 

Now this way, though as true.as the other, will be troubleſome in 
ſome Caſes, becauſe of the great diſtance that will be ſometimes 3 but i 
Icave every one to their own mind, for that both ways being very calic 
and alike true, 


CASE 
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CASE the ſecond and third. 


The Bace and the Angles given, to find the Perpendicular aud 
the Hypothinule. 


In the Triangle AB C, 


Et the Bace A C be 212 paces, 

The Angle at A be 29 deg. 00'; 
Then is the Angle at B 61 deg. oo), 
The Complement of A to 90 deg. 


I conſider the Rule, Tt 
that every Angle is | | 
jonal to his op- Y 
te fide, or that c- 1 
very fide is proportio- 
nal to the Sine of his Kt. 
TT 
e, puttin : 
AB for Radins Fd Sl _— uu 
fore) BC is the Sine LY - 
of the Angle at A, and | . 
AC is the Sine of the 


I demand the Perpen Sd 
the ſide BC? : 


Angle at B,or the Sine of % 
= meaſure of the Arch &; , 
I fay bd OG * : 
Perpendicular B C, EOR i Eo ern £08 325 ON CO Ls 
As SineB 61 deg. ©0' co. ar. 0.05818 
Is to AC 212 pacesz 2.32633 
So is 1. A 29 deg. oo', ; 9.68557 
To the Perpendicular BC 117 2.07008 


For the Hypotbinuſe. 


As 7. co. A 29 deg. Op' co. ar. 0.05918 
Is toAC 212 paces 3 2.32633 


So.is 7. C. SOfe- 
To AB the PET 246 paces 2.38451 
| . B | 


* 
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The reaſon why I ſay s.co. A, is becauſe B is the Complement of 
A to go deg. {o that in ſaying 5. co, A, I-take the Sine of B 61 deg. 
'QO', 


Note, That when Radiw is not in the firſt place, you muſt take the 
Complement Arithmetical of the firſt number or Angle. 


Now the Complement Arithmetieal of any Sine, is what the figures in 
the Tables anſwering to that number, wants of 9, as you may examine 
by the things preceding : the firſt of them, in cach, is not the figures 
anſwering to them, but what them figures want of 9. 


Queſt. 2. Admit 7 ſet from the Lizard, Latitude Northerly 
5odeg. oo min. and ſail South South Welt 6 deg. 30 min. 
Weſterly, that is, South 2.9 deg. oo min. Weſterly, til T al- 
ter my Latitude 212 miles ; I demand my diſtance run, and 
departure from my Meridian ? 


Conſider here in the Triangle ( 4 ) I have the Angles and the diffe- 
rence of Latitude A C given, to find the diſtance run, and departure 
ircm the Meridian. 


A I. Zo find the diſtance run AB. 


As 5. co. A 29 deg. o0' co. ar. 0.05848 
Isto AC 212 leagues 3 2.32632 
So is Radius — 
To BA the diſtance run 242 2.38451 


2. For the departure from the Me- 
ridian BC. 


As 51. co. A 29 deg. o0' co.ar. 0.05818 
Is ro AC 212. leagues 3 2,32633 
So is-s. A 29 deg. o0' 9.68557 
To BE C the departure 117 2.07008 


By 
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By Mr. Gunter, for the diſtance run AB. 


. As 5. co, A, which is 5.B 61 deg. 00', 
Is to Radius 3 
Sois AC 212 
To AB 242 leagues. 


2. For the departure BC. 


As 1. B 61 deg. oo, 

Is to s. A 29 deg. 

Sois AC 212 leagues, | 
To BC the departure 117 leagues. 


CASE the fourth and fifth. 


The Hypothinuſe and the Bace given, to find the Angles, and 
the Perpendicular. 


Et the Hypothinuſe in the fifth Triangle be as before, A B 242 pa» 
ces, and the Bace be AC 212 paces; I demand the Angles and 
the Perpendicular ? 
I conſider (till the old Rule, That ifthe Hypothinuſe be put for Radims, 
then A C is the Sine of the Angle at B, and B C is the Sine of the Angle 
at A, and AB is the meaſure of the Sine of the Angle at C-90 degs | 


B 
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Therefore for the Angles : 
As BA 242 co. ar. 7.61618 
Is to Radius or 5. C 90 deg. 
Sois AC 212 paces 2.32633 
To 5. B 61 deg. 10' 9-94251 


And this 61 deg. 10' is occalioned to be ten minutes too much, 
through the neglc& of the fraction of the parts of a unite in working, 


for the ſides before in the three Caſesglready handled. -I noted the 
reaſon why 1 did it ſo once before, that when a Learner comes to find 


ſuch an- errour in his work, he may know how it comes to paſs. 1 
hope no body will carp at me for thisz for *tis a mental Reſolution : 


and I thiok the reafon for it will ſtand good to any judicious perſon. 


Next, for the Perpendicular B C. 
I may fay, As Radius C 90 deg. 


Is to BA 2423 2.38381 
So is 2. co. B 61 deg. 00' 9.68557 
ToBC 117 paces. 2.06938 


But admit I uſe the Angle found 61 deg. and 10', to find the Per- 
pendicular, and fay, ; 


As Radius or 5. C go deg. 

Is to B A 242 paces3 2.383vr 
Sois 61 deg. 10' 5. 60, B, 9.68328 
To BC 117 paces. 2.06709 


This may convince you, that *tis the fraQtion of a unite that puts 
the Courſe out 10' of a degree. But if you will work to the tenth os 
bundredth part of a unite, fe before the Tables. | 


Queſt. 
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Queſt. 3. Admit 7 ſet from a certain Port, and ſail upon ſome 

* point between the South and the Weſt 2.42 leagues, till I 
alter my Latitude 2.12, leagues or 10 deg, 36 min. I de- 
mand my Courſe and departure from the Meridian 2 


His Queſtion is as though the - % 
Perpendicular and the Hypo- 
thimuſe were given to find the 4n- 
les and Bace z which differs not 
rom the former Caſe in operation, 
but enely in the ſtanding of the 
Angle : and I ſet it thus, that you 
may ſee it's the ſame thing in cf- 

fe& : for, : 

I put BA for Radiw, then is 
B Athe Sine of the Angleat C, or 
Radixs ;, and A C is the Sine of the 

Angle at B: ſo that, B 


C 
For the Angles. 


As AB 242 leagues co. ar. | 7.61618 
Is to 5, C Radius 90 deg- | 
So is AC 212 leagues, the difference of Latitude, 2.32633: 


To s. B61 deg. 10 9.94251 


For the Departure BC. 
54 
Is to A B 242 leagues 1 2.3838 
So is 5. A 28 deg. 50 ; 0.88228 


To BC 117 leagues. 2,06709g, 


By Mr. Gunter's Ruler : Firſt, for the Angles. 


As AB 242 leagues, 

Is to AC 212 leagues 

Sois s. C 90 deg. o0'; ons N 
To 5. B 61 deg. 10!.. Y 


Fix 


\ 
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Fix one foot of your Compaſſes in 242 on the Line of Numbers, 


and extend the other to the lefler number 2x2 : carry that diſtance to 
Radius, and the other foot will fall in 61 deg. 10' 3 which is---- 


Next for BC. 


As Radius 

ktos A 28 dep. 50'; 
So is A B 242 leagues, 
To BC 117 leagues. 


| CASE the ſixth and ſeventh. _ 
The Bace. and Perpendicular given, to find the Angles and the 
Hypothinuſe. 


By the Bace in the ſeventh Triangle be AC 212 paces, and the 
Perpendicular C B ;, 1 demand the Angles and the Hypothinuſe ? 


. 


In this caſe things be ſo given, that you cannot put them in an op- 
polite proportion ; for you have two fides given, but nothing ite, 


to either of them: therefore we'muſt tind another Rule to wor them 


by. | SY 

| have (aid before, that any of the three ſides may be put for Rs- 
dius, and the other fides ſhall be as Sines, Tangents, or Secants, by them 
repreſented. Now the ſame prapootees the fide put; as Radiws hath 
to Radix, the ſame proportion (hall the-other ſides Have to the Siner, 
Tangents, or Secants by them meafured. | FD, 


S-:- In this caſe put AC for 

. - Radiw, or the Semi-diame- 
ter of the Circle the Scale 
was made-by, or the whole 
Sines and then BC is the 
Tangent of the Angle at A, 
and the Proportion will 
ſtand thus : 


A C. Astheſideputfor Rad.AC, 
Is in proportion to Radins or Sine C 90 deg. oo! 3 
So is B C the meaſure of the Tangent of the Angle at A, 
To the Tangent of the Angle at A, 


And 
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And this is evident, if you look upon the projection of the Tangent 


Line, where OB is the Radius the Scale was made by, and BS the 
emcaſure of the Angle B OS, or the Tangent of the Arch RB. 


Therefore for the Angles A and B. 


As AC the Bace 212 paces co. ar. * | 7.67366 
Is to Radims or Sine C 90 deg. oc', 

.Sois BC 117 paces, 2.06818 
To the Tangent of the Angle at A 28 deg. 54 9.74134 


Whoſe Complement to 90 deg. is B 61 deg. 6', 


Next, for the Hypothinuſe. 


' T confider with my ſelf, that I have given all che Angles of. the 
Triangle A C B, and two ſides: I ſay then, 


As Sine B 61 deg. ©0' co. ar. 0.05776 

\ Isto AC 212 paces 3 * 2.32633 
t So is Radius or 1. C go deg. o0' . 
ff To the Hypothinuſe AB 242 paces, 2.38409 


Queſt. 4. Admit I ſet from a certain Port, and ſail upon ſome- 
point between the South and the Eaſt, till I alter my Latitude 
212 miles, or 3 deg. 32 min. and depart from my Meridian. 
117 miles; 1 demand my Coarſe and diſtance run. 


His is but as it were the Caſe before applicd to plain Sailing : fer: 
h in the Triangle A B Cis given the fide AC 212 leagues, ard: 
then, | 


Firſt, for the Angle : I put BC as Radius, and ſay, 


As the fide put for Radius BC 117 leagues ce. ar. 7.931291 
Is to R2dius or Fine C 90 deg. 

So is C A 212 leagues . 2.32633. 
To #. B 6r deg. oo': 10,25814 


Tae 
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B— 1.C The ware, the other place from the 
\  Northermoſt Ship, which is Eaſt 61 deg, 

F Southerly. And thus you have ſcen that 

\ £ any of the three ſides may be put for Rz- 


dins, and the other ſides (hall be as Sines or | 
Tangents by them repreſented. I will not 
neddle with a Secant, it being needleſs ; 
all things being better done, and with 
more eale, without it. 

Theſe Angles being found, we'll next 


find the diſtance run AB. 
As Sine A 29 dep. 0.31442 
Isto BC ”— aes z 2226818 
PY So is Radius or 1. C 90 deg, ——— 
To B A 242 leagues. 2.38260 
The ſame by Gunter's Ruler. 


Firſt, for the Angles, I put BC a Radius, and ſay, 


As B C 117 leagues, 
IstoCA 212 leagues 
So is Radius t. 45 deg. 
To #. B 61 deg. oo'. 


Fix one foot of your Compaſſes in 117 leagues on the Line of Num- 
bers, and extend the other foot to 212 3 with that diſtance fix one 
foot of your Compaſſes in 45 deg. ( which is the Radins of a Tangent) 
and where the other foot falls, is the Tangent of the Angle at B above 
45 deg. namely 61 deg. 00' : for if your firſt extent was from a leſſer 
number to a ter, as from 117 leagues to 212 leagues, the third 
mult give for the fourth a greater than it (elf; as here Radius or t. 45 
deg. gives the Tangent downwards increaſing. In working by a Tar- 
gent Line, bz very carcfal to conſider of theſe things. 


Next, for the diſtance run A Þ. 


As 3. B 61 deg. 

Is to Radins or Size C 90 deg. 

So is C A the difference of Latitude 212, 
To B A the diſtance run 242 leagues, 


Fix 


- 
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Fix one foot of your Compaſſes in 61 deg. on the Line of Sincs, 
and extend the other to Radius 3 that diftance carry to 212 on the 
Line of Numbers, and ſee how much it will increaſe it : ic falls at 
242 an, your FO 
Here I might in-the next place ſhew the working of a Travers by 
the Tables and Gmrter's Rule, but let this ſuffice: . for the working a 
Travers, is but doing the.ſame Caſes d:vers times, and is very tedious 
your own reaſon will give you the doing of itz the Tables of Longi- 
tude and Latitude be far bergcr, | 


CASE the Eighth. 


The Baſe of a Triangle given alone, the Perpendicular and the 
Hypothinuſe giver together, to find them ſeveral. 


Admit the Baſe of a Triangle be A C 212 foot, the Perpendicular and 
Hypothinuſe of the ſame Triangle be togetber 359 foot 3 I demand them 
ſeveral, and the Angler. 


FX the protrafting this by the Plain Scale, lay down C A the 
Baſe 212 foot, and raiſe a Perpendicular from any end of it ( as 
here from C ) and upon it ſet off the Perpendicular and Hypothinuſe, as 
they are given, in one ſum 359 foot from C upon it, and it reacheth 
-< D 3 draw the ſide DA, and CI qt p—_ CD __ divide 
the Hypothinuſe AD into two cqual parts e Perpendicular E H, 
and pa the firlt Perpendicular in B, oy 

Now foraſmuch as BD and B A axe equal, {-for AQ and OD arc 
equal, and OB is a Perpendicular to both the Triangles D OB, and 
BOA) therefore their Hypothinuſe B A and BD mult be equal. 1 
fay then, they being equal, BAtBCis=toDBtBC or CD the 
two ſides given together : ſo that now if you meafare the ſide AB, 
it's the Hypeebianſe alone, and CB the Perpendicular z and for the 
4 > CAR, megſuic it as you do another Angle from an Arch of 
A #5: = | | 


By the Tables. - 


I conſider that I have given me in the Trigpgle D C A the Perpen- 
dicular D G 359 foot, and the Baſe C A 212 foot, whereby I find the 


=tiD ( as by the fourth Caſe.) _. 
dagoarD ( as by oc bs 


- 
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A- © 
Thus putting D C for Radius,. 
As DC 359 foot &. or- 7.4449 
It to Radins 4 
Sois AC 242-foot 2:3263: 
To#.D 3c deg. 34 9.7712 


Now this. Aogle at D ſubſirated from go degrees, leaves the Any{t 
DAC; from if you ſubſtrat the Angle BA O, ( which is e- 
SoRE—_ found at D) it leaves the Angle CAB 28 deg. 52 

that now we have the Angles of the Triangle A C B, and the Boſe 
ep wo en es vg, OE > 1 BA, as is fhew-- 
ed.ig. the ſecond thig! Caſc of Right angled Triangles. 


* 
Co- ” 
. 
ty £ 
% ” 
. 
. de + 


end applied to Plain Sailing. 
Therefore for the Hypothinuſe A B, 
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” ASe.BGr deg. $' the Compl. of O AB to go deg. co ar. © 057622 
2.326335 


Is to C A212 foot 
| So is Radius dr 5. C 90 deg. 
To AB the Hypothinuſe required 242 feet. 


Secondly, for CB the Perpendicular. 


As. B61 deg. 08' cv. ar. 
IstoCA 212 foot 
So is 1. A 28 deg. 52', 


To BG the Perpendicular 117 miles. 


The ſame by Gunter's Ruler. 
Firſt, for the Angle D. 


As D C 359 foot, 

Is to AC 212 foot 

So is Radits or Cr, 45 deg. 
To. 30 deg. 34'. 


2.383957 


0.057622 
2.326335 
9.683743 


2,067700 


Set one ot of your Compaſſes in es on the Line of Numbers, and 
extend the other foot to 212 on the ſame : carry that diſtance to the 
Radius of your Tangent-line 45 deg. and where the other falls on thac 


Line, is yourdefire, A. 


Next, for the Hypothinuls 


As 5.'B 61 deg. o8', 
Is to Redius 5. D 90 de 


To B A 242 foot. - 


. Laſtly, for the Perpendicular. 
As 7. B61 deg. 08' ” OUS, 
Is tos. A 28 
Sois CA 212 
To BC 147 foot (the Perpendicular. ) 


""Exawyples of this.nature.I have ſhewed in the Caſes before handled, 


Gwhich 1 refer you. 


Quelt. 
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veſt. 5. Admit I fet from a certain Port, and ſail upon ſome 

yes between the South and the Weft, 11h T alter Latinas 

3 deg. 32 min. or 212 miles, and my diſtance that I bave 

. ruuyand departure from the Meridian, together be 3 59 miles ; 
1 demand them ſeveral, and the Courſe made good ? | 


be Queſtion is laid down by the Plain Scale, as the preceding 
Caſeis; A C being the difference of Latitnde, C D the diftaxce 
run, and Meridian-diſtance, D A the Hypothinufe of the great Tri 
divided into two parts in the point O, by the Perpendicular-line E 
and ſo catting the diſtance run and Mexidian-diſtance together in the 
point B ; ſo that B A being drawn, it ts equal to BD, ( and makes 
the Ships diſtance run ) and B C her departure: for A B being equal 
to BD, it muſt with BC be cqual to BD C the diſtance run and de- 
parture: ) meaſure them and the Aagle B AC for to know the Courſe, 


as T common Triangle, 


bs» , «, 
To'refolve this by the TubJes, or Gwnter, *tis the fyme as the other 


You have given A C the difference of Latitude 212 miles, and CD 
the diſtance run, and departure togfther, 559 miles, to find the Angle 
ut D.. : l he +6 Fon ; , 

Putting DC for Radius, 7 ſay they, 


As DC 359 miles co. ar, 7.4449 
Is to Radiis 90G — © | 

So is A C 212 miles, 2.3263 
Tot. D 30 deg 34 9:7712 


Now-this ſubſirated from 90 deg. leaves the Angle DAC; from 
which, if you ſubſira& the Angle O A B, which is equal to the Angle 
D found, the remainder is BA C the Ships Courſe, which is South 
28 deg. 52' Weſterly. 

So that now we have AC given, and G B A ( the Complement of A 
to 90 deg.) 61 deg. 08” to find BC and BA, 


Firſt, for the Departure B A. | 
As;.CBA 6 deg. O8' co. ar. 0.057622 
Is to AG RR 2.326335 
Sois 5. BAC 28 deg. 52/ 9.683743 
To BC the departure 117 leagues. 2.067700 

4 Secondly, for the Diſtance AB, . 
As 5. CBA 61 deg. OB” cv. are of 0.059622 
Is to CA 212 leagues; ; 2.326335 
So is Radiw 


To BA 242 leagues, 2.383957 
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Ext whe Wt 


The Angles of a Triangle bei en, diſti 
gt —_ in = ſam, 6. find t file ſevera 


af and the Sides 


Tu the Triangle folowing A BC, let the Angle at C be « Right 4 le, the 
Angle at A be 2 deg. 52', then is the Angle at B 61 deg. o8', and 
let the three ſides of this Triangle be 571 foot, or paces, leoguer, or 
ever ( which you will) I demand them ſeveral ? 


B Tov reſolve -_ Queſtion, 1 


$ at ſome one fide 
of the rae that TI would 
find the ſides of; and here 1 - 
gueſs that the Baſe of this Tri- 
angle may be 1903 and: with 
this nels and the Angles di- 
——_ — — 4 ſtinly given ( \ in the Queſtion 
A, '& A C or Caſe ) 1 lay down the Tri- 
evgle ABC whoſe Boſe ACis 190, the agile at A, 28 "_ 52', the 
Angle at B61 deg. o8', 


Firſt then, for AB. 
As s. B 61 deg. ©8' co. ar. 0.057622 
Is to AC 3904 «+. 2.278753 
So is Radius G 90 deg. . 0 — 
To a B217 - 2.336375, 
| Secondly, for BC. | 
As 5. B61 deg- OB" co. are 0.057623 
Is toAC 1903 -, 2.278753 
So is 5. A28 52 9.683743 
To CB 105 2.020118 
I now adde theſe ſides found to the gueiled —_— and ſee if my Work 
be right or no, The Beſe AC 190 
Here I find that the Gdes of this The fide AB 217 
Triangle are but 512, and they The lide CB 105 


— — 


ſhould be 571. Pl fay then, Their fam 502 


© © onlf oppliectts Plain Sailing, rgg 
" W515 the fit: of the fides'6ftht Triangle guefied, co. ar. '7.29072 


Gives for his Baſe AC 190, 2.27875 
+ Whatſhallthe ſum of the given fidey 57 1-give for the Baſe 7 2.75663 
Facit 212 2.32610 


f 


So that now we have the Baſe of the Triangle required, and the 
diftin&ly, to find the other fides, or. to lay the Triangle truly 
down by the Scale..-T'1} leave the praQtice of it to your ſelf. And to- 
reſolve it by My. Gwater's Rule, it's what I have fhewed before, cxccpr. 
the laſt Propogtion; and for that, | 
Fix one foot of your Compaſſes in 512 on the Line of Numbers, 
and extend the other foot to 150 : that diſtance carry to 571, and ſce 
- what the ather foot gives i 212, 4 write Fagit, for that ir- 
deed *ris the Rule Three, and might have beep reſqlved that way 
Goner z3 bar. we are treating of the Uſe of the Tables of Sines, Ta-- 
gents, and -Logarithms. | 


CHAP. XXVIL 

Of Oblique Triangles. 
coy» mv - Obdgns Tring, with one.of the Sides givers; 
In the Triangle A D B, let the Angle at A be 29deg. 30, the Angle at 


B 36 deg» 56', the Side BD be-200 paces 3. and let it be required 19 
find the Sides D Aand AB. 


Or the ——_—_ any: Queſtion of chis kind, the firſt General- 
Rule is to be obſerved 3 and that was, That in all right liucd - 
Triangles, whether right angled ovnot, 


A General Rule. 
The Sine of every Angle is really proportional to bis oppoſite Side, or-every 


Side 


200 The Dethineof oblige rig led Triangle, , 
Side is + prion? to ghe Size of big-pppeſus Arghe-,. bd there{ary, 


- F WE vs A . 


& _ '1 ood veraghcr 4s  vI1) 


, JI 3G1 vb! S122, <6 + 41 30 28014 © 1712 04] L3-:1N 


1 I la 
+ } vi 99 
C | + For AD. en) 
F As 1.A 29 bf co. ar. oo : "1 T6166 
Wore k : 1 + OW 
'$0 is 5:B/36 deg, 56 ' "..1 939999 
—_— — 
To D A 244 paces. | 2.38746 
Tn. Next, for the Side AB © 
As 5. A 29 deg. 3Þ' eoxars s « : ' 0.30766 
Is to DB —- ebb J 2.30103 
So is 7. D its Conppl, to 180 deg, 66 bg.2d ADS, 9.96217 
To A B 372 paces. 2.57086 


The reaſon I take the C Jemens off the 4 leatD to 180 de 
, is; becauſe the Sine Guang D Reoopnt yo deg, 1alG the 
Sine of an Angle as much leſs, The Tables go ty dax..and in 
CG 


\ 


_ 1 


n 9 . 
_ 
. - 
. .* 
<* 
- _ 
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Queſt, 6. Admit there be two 7 rp in one Latitude pr Paral-' 
* Hel, diſtant 72 leagues; a Ship ſets from the Eaſtermoſt of 
theſe places, and ſails Weſt 36deg. 56 min, Northerly, that 
s, North Weſt by Weſt 3 deg, 11 min. Northerly, and meets 
with a Ship that came from the Weſtermoft place, and had 
failed Eaft North Eaft 7 deg. Northerly, that is, Ea#t 
29 deg. 30min. Northerly ; I demand each Ships diſtaxce 


run 2? 
Þ* the preceding Triangle I have the ſide B A given 372 miles, the 
Angle at A 29 deg. 30', the Angle at D 113 deg. 34', the Angle at 
B 36 deg. 56', 
For the Side D B, the Eaſtermoſt Ships diſtance run. 


As 13. D 113 deg. 34', its co. to 180 deg. 


ADS 66 deg. 26' co. ar. 0.03782 
Is to A B 372"leagues 3 | 2.57054 
'So is 5. A 29 deg. 30' . 9.69233 
To DB 200 leagues. 2, 30069 

Secondly, for D A. 

As.1. ADS 66 deg. 26' co. ar. \_ . 0.03782 
1s to AB 372 leagues 3 | | 2.57054 
So is 1B 36 deg. 56' 9.77879 


To AD 244 leagues. 2.38715 


To perform the ſame by Mr. Gunter's Ruler. 


And firft, for DB. 


'As 3.D 113 deg. 34', its Compl. to 180 deg. ADS 66 deg. 26', 
Is tos. A 29 deg. 3O'; 

So is A B 372 leagues, | 

To DB 200 leagues. 


Sct one foot of your Compaſſes - = deg. 26' on the Line of Sineg ; 
: an 
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and extend the other to 29 deg. 3o' on the ſame Line with that di- 
ſtance: {et one foot of your ſes in 372 on the-Line of Num» 
bers,-and the other will give the number 200, ; 


Secondly, for A D. 


As 1. ADS 66 deg. 26', 
Is to 54 B 36 deg. 56'; 
Sn'is AB 372 leagues, 
ToDA 244 kagues. - 


Set one foot on 66 26 in the Line of Sines, and extend the othes 
to 36 deg. 26' 0n the ſame Line that diftance: ſet iv 372 oa the Line 
of and you have the lefler number 244 miles. 


CASE 2, 


Two Sides of a Triangle, with an Angle oppoſite to oie of them, 
given, to find the aokey Angles, I the third Side. 


In the Triangle ADB, let A B be given 372 paces, the Side DB be 200 
paces, and the Angle at A be2g . om 30' ; I demand the other Angles, 
and the Side D A. 


To find the Angles. 


- BD 200 paces co. ar. 7.69896 
to's. A 29 deg. 30' 9.692 
Sos AB 372 I $4, 


— —__ 


To 7. D, its co. to 180 deg. 66 deg. 26". 9-96183 


0... Next, for the Side BA. 


C0. ar. 
Isto B D 200 pac. 2.3010 
Sois1.D 66 4:26* 9.9621 


To AB 352 paces. 2.5707 
. ? The 


Dp | As 1 Ag d zo ; 0.3076 
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The Angle at D being thus found ( as you ſee above ) you are to 
note, that *twas the outard Angle AD O-that was 66 deg. 26', and 

* muſt be ſubſtrated from' to degrees, ant then you have the Angle 
ADB 113 deg. 34'. Now to this you adde the 4ngfe at A 29 deg. 30/, 
and ſubſtraQ that fam from 180 degrees, and it haves the Angle at B, 
( if you have occafion for it ); but here is none, unkc(s it be to prove 


by it, that the outward Angle A D O was found. right. 
Admit yon queRtion it then: You'll ſay, the Sine of an Angle grea- 


ter.than 90 degrees, is alſa the Sine of an Ang/e as much Ifer ; and 
therefore I know, not but it may be the inwazd Angle ADB that is 
found : for that is juſt as much greater than go degrees, asAD O is 


leſs than go degrees. 
 Toanſwer this doubt, you. know that the three Angles of any right 


lined Triangle, is but 180 degrees, Pl therefore 


| | deg.. min. 

Adde the Angle found, which is in diſpute here, 66 26 
To the Angle given in the Queſtion, A | 29 30 
And it makes the two Angles to be 95 56 
Now them ſubſtrated from 180 oo 
84. 04 


Leaves for the Angle at B | 
Which is more than eicher of the two leſſer, Angles are. 


' Now this cannot be, becauſe the greateſt fide ſubtends the greateſt 

Angle : AB then is the greateſt fide, and therefore the a_ found is 
the outward Angle A D OQ, and muſt be fubſtrated from 180 degrees, 
and then you have the inward 4igiz ADB 113 deg. 34', which is the 


greateſt Angle. * 


Queſt. 7. Admit 7 ſet from a certain Port, and ſail Weſt 36 
. 26 min. Northerly; now there is another Ship in the 
ſame Latitude, and diſtant ' 572 leagaes , that ſails 244 
leagues and meets me: { demand myown diſtance run, and his 
Courſe 2 i | : 
N the preceding Triangle, we have given the Angle at B 36 deg. 
$6, the fide BA 372 and the fide AD to find the Angler, 
and the fide B D. fr 0 ae p 
3: BE : Dd 2 Firſt, 


» 
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Firſt, for the Angles. 
As AD 244 leagues co. © 7.61261 
Is to 5. B 36 deg. 56'; 9477879 
Sois AB 372 leagues, 2.57054 
To 5s. D 66 deg. 26/. 9.96195 


If you ſubſtrat the Angle at B from 66 deg. 26', you have the 4n- 
gle at A 29 deg. 30'. The Complement of this to 180 degrees, is the 
Angle of the Ships meeting, 113 deg. 34' ADB. 


Next, for the Side D B. 


As 5. D 66 deg. 26" co. ar. 0.03782 
Is to AB372 leagues 2.57054 
So is 1. A 29 deg. 30' 9.69233 
To D B 200 leagues. 2.30069 
The ſame by Gunter's Ruler. - 

 Fir#l, for the Angles. 

As AD 244 leagues, - 

Is to A B 372 leagues; 


So is s, B36 56 
Tos.D 66 26, 


Set one foot in 244on the Line of Numbers, and extend the other 
to 372 on the ſame: that diſtance carry to 36 26 on the Line of 
Sines, and the other foot will fall at 66.deg. 26". 


Secondly, for the Sides. | 

As nD 86.26; \ : » 
Is to 5. A 29 deg.30'; | 

So is A B 372 leagues, 

To D B.200 leagues. - h- | 
Set one foot in 66 26 on the Line of Sizes, and extend the other to 
29 deg. 30 on the ſame: carry that diſtance to 372 on: the Line of. 
Numbers, and the TSR cadets. 


- - 
- . 
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o® ID 


L CASE Zo 


£ 


Two Sides and the contained Angle given, to find the third Side 
« and the other Angles. 


Let there be given in the Triangle ADB the Side A B 372 paces, the Side 
AD 244 paces, the Angle at A 29 deg, 30', and let the Angles B and 


D be required, or the Side D B. 


T* this Caſe you have things ſo given, that you cannot put them in 
oppoſite proportion, but mult tind ſome other Rule ro work by. 
Thercfore,take the length . | 

of the ſhorteſt of the given | 
fides D A, and ſet it off up- 
on the longeſt of the given 
ſides AB, and it cuts off 
the difference of. the two 
ſides BI. Now, - - A 


| General Rule. 
As the fum of the two ſides containing an Angle, is to the difference of 
' _ thoſe ſides 1, 
$0 is the Tangen of the half ſum of their oppofite Angles, to the Tangent 


$o then, as-the ſam of A B + A D, the given ſides 616 paces, 

ls to their difference 126 paces BI 3 ; 

$0 is the Tangent of the halt ſum of B+ D 75 deg. 15', 

To t. half their difference. : 

Now when. this half difference is found, .if you; adde it tq the half 
ſum, it will make che greatcſt of the Anghes requized, namely D 3 if 
you ſubſtraQt jr'from the half ſum, it makes the leſſer. Angle at-B. 

But you may ask how the half ſum of the unknown Angles is found 
to be75 deg. 15'?.. | 

You know the three Angles of a Triangle is 180 deg. oo! ; then if I 
have oge of the Angler known, and ſubſiradt that from the ſum of the 
thre, Apples *{ which is:180 deg, 00' ) theramainder muſt be the o- 


ther two} the half of which, is the (um required. 
REP Exawple. 


| 
| 
| 
| 


_ 
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Example. deg. min, 
The three Angles is i180 ob 
The Aag/e given is A, ſubſiradt it O29 30 
The ſum of Band D is 50. .30 
The halt ot which is 75 15 
Theſe things premiſed, we progecd to the operation it (ell. 
For the Angles D and B. 
As thefum of AD+AB 616 co. ar. 7.21041 
Is to their diftexence I B 126 3 2.10037 
So ist. half ADB#tB 75 deg. 15' 10.57958 
To #. half their difference 37 deg. 5c" : 9.89036 
deg. min, 
Now this found 37 90 : 
. Added to the half ſum 75 15- 
Gives the Angle D 113 ©5 
Or ſubſirafted from the half ſum, . 
leaves the Angle at B SY. - *P, 


The odde minutes of a degree that it differs from the Queſtion be- 
fore, is occaſioned through the of the fraction of a unite in find- 
ing the ſides 3 which:F omit for the Learners ſake, that he may not be 
puzled when he finds it ſo. 


Next, for the Side BD. 
As Sine B 37 25. coor. _—_ -—- 
. .Ist0 DA 244 paces * | 2.29730 
So is Sine A 29 deg. 30" 9.09233 © 
ToDB 199 Paces. 2:29608 


And thus you have the firſt Rule to help out where it dotly not 
wholly. do.the Caſe ;:and-you (ce the crrour of the negle@ of rhe frt- 
Rional parts of a unite, which:in ſhort diſtances would not-be fo'great 
in the ſides. Queſt, 
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Queſt. 8. . Admit there be two places that bear Eaſt North Eaft, 

* and Weſt South Weſt one from the other, and are diſtant 372 
leagues ; a Ship ſets from the Eaſtermoſt of theſe places, and 
ſa Weſt 14 **: 26 min. Northerly, 200 leagues : I de- 
wand the Ships diſtance from the Wahermeſ Port, and how 
far he is from it 2 | | 


N this Queſtion we have given in thefollowing Triarigle'A D B, the 
| fide B A 372 leagues, the ſide B D 200 leagues, and the Angle at 

B36 deg. 56': for if B A. be Wett South Welt, and BD be 14 deg. 

20 co the AI of the wa _ the Angle at B muſt be two 
points and 14-deg- 36' more, which is 36 deg. 56', or thee points, 
and 3 deg. 11',or Weſt by North 3 deg. 11 Northerly. 


To find the Angles D aud A then. 


As the fam of DBt+BA 572 co. ar. 7.24260 
Is to their difference 172 leagues 3 2.23552 
So is the #. of half D + A 71 deg- 32 . 10,47632 
To the e. of hal their difference 42 deg. 00' - 9495444 : 
Which added to the half fum, is 113 deg. 32' ADB, | 
Or ſubſtracted from it, is 29 deg. 30' the Angle at A... 
Next, for the Side BA... | 
As 3. D its es, to 1907 ,- __.: *. o; 
, 66 d.28' co.ar yg 0377 
lsw AB 372 miles; 2.5705 
So is-r. B 36 deg. 56' 9.7787 B. 
To DA 244 leagues. 2.3869 
| The like for any other of this 
kind, . 
A 
The fame by Mr. Gunter's Ruler. 


as the ſum of D B+ BA 572 miles or paces, or what you do it dy; 
"Div their diflererice-172 3 J _ 
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So is the #. of half D+ A 71 deg. 32/ 
To the t. of half their difference 42 deg.-oo', . 
*Which'adYecd © the half ſurn, makes the Anzleat D 113 deg. 32/9 
Or ſablireScd from the half (urn; makes the Angle A 29 deg. 30/; 
| my | 


Next, for B A. - 
As #. D its Compl. to 180 deg. 66 deg. 29', 
Is to 5. B 36 deg. 56'3 
So is AB 372 miles, 
ToD A 244 leagues. 

-For the doing the freſt of theſe, I ſet one foot of my Compaſſes in . 
572 on the Line of Numbers, and extend the other foot to 172: that 
<ftance I ſet upon the Tangent-line at 71 deg. 32', and ſet my Com- 
paſſes upwards towards the Radius of. the Scale and count how much 
it is leſſer, and it falls at 42 degrees, _> 

Note, That a Tazgent-linz goeth from 1 upwards to 45 ( its Radim) 
and ſo downwards increafing to.99, which made me decreaſe in my 
diſtance ſet upwards. | | 


Next, for the fide B A. 


' I'ſet my Compaſſes on the Lineof Sines at 66 deg. 28", and extend 
thera40 .36 deg. 56': rhat-diſtance I ſet on the Line of Numbers at 
372; and the other foot falls at 2 44 3 a leſs number, becauſe the ſecond 
Angle was a leſs Angle. : 


CASE 4 -. 
The three Sides of a Triangle given, to find the- Angle. 


In the Triangle AD B, let the Side A B be 372 pacer, the Side BD be 
200 paces, and the Side AD be 244 paces ; I demand the Angles ? 


S J Hen 1 have kid 


| the cla 
-down,\I-take the1 
of B D,and cut-the Buſt 
b - BA in the point Rand 
9 ' © AD 'mL,as is done by 
>. ,} /thqArch LR; pllal 
—_— let {ll che Perpenti®: 


"aud applied to Plain Sailing. 209 


lar D O, which falls in the middle between B and R, becauſe BD 
nd D R are £qua], and O D the Perpendicular common to them both. 
This done, I frame this Geawral Rule. 


General Rule, making A B the true Baſe. 


As the ſum of the true Baſe AB. 

ts to the ſum of the other two ſides ( added together ); 
* Sois the difference of the two fides L A, 

To the alternate Baſe R A, 


Now this alternate Baſe being found, I ſubſtract it from the true Baſe 
A&B, and the rcmainder is R B, the half of which is OB: fo that 
now in the right angled Triangle D O B, right angled at O, you have 
OB givcn, and BD to find the Angle at B. | 

I fay then, As DB is in proportion to Radiw, fo is B O in propor- 
tion to 5, O DB, the Complement of which is A B D. Then for the 
other Angles; As AD ( given in the Queſtion) is to #4. B ( the An- 
gle found ); ſo is BD ( another fide given in the Queſtion ) to x. A 5 
orſois ABto 5. ADB ( its Complement to 180 degrees. ) 


Wat. 


As the ſum of A B 372 paces, co. ar. 7.42945. 
Isto the ſum of BD + D A 444 paces 3. 2.64738. 
So is LA thcir difference 44, 1.64345 
To RA the alternate Baſe 52 paces.. 1.72028, 
Which ſubftesRed from AB 372 paces, 

Leaves R B 320 Paces 3 


The half of which is OB 160 paces. 
And now I have OBand BD in the right angled Triangle BOD, 


to find B, 
As BD 200 paces co, ar. ' 7.69896 
Is to Radius or 5. D O B; , 
$0 is OB 160, _T 2.20412: 


To z, co. OD B, which is the 5.of B 36 53. : 9.90308 


M6; | : E c « : Laſtly, 
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 Laftly, for the other Angles. 
As D A 244 ©0+ ar *  92.61261 
Is to 5. B 36 dege 53' 9477827 
So is BD 200 2.30103 
To 1. A 29 deg. 29"; 9.69191 
« MN 
This Angle at A here found 29 29 
. Added to the Angle at B, 36 53 
Makes ADS 66 22 


Which is the Complement of AD B to 180 deg. 113 38 _ 


And thus we have reſolved all the demands propounded -in the 
Queſtion. The like is to be underſtood of any other of this na+ 
ture. 


Queſt. 9. There be me gle in ove Parelel or Latitude di- 
ſtant 372 miles ; a Ship ſets from the Eqftermoft of theſe 
places, and ſails upon ſome poingghgtween the South and the 
Wefft 200 leagues, and meets a Ship that came from the 


Weftermoſt of theſe places, aud had failed 63 leagues: I de. 
mand each Ships Courſe 2 


pm _—_— 
372 

the Side B D 200 leagus, 
and the. Side AD 244 
teagues, to find the An- 
glesr. So that it is the 
very ſame as the prece- 
ding Cafe was, 


wrought the ſame way. 
1 ſay then, to find the alternate Baſe L A. 
As AB 372 leagues, 7. 
Is to BD+tDA 4443 yp 
So is RA difference 44, 1.6434 


To LA the alternate 52, -*,-- $5000 - 


+ and epphed to Plain Sailing: I1'Þ 
This 52 here found, ſubſtrafted from AB —& 372 


And it leaves LB 320 
The half of which is OB | 160 
So T haveOB and BD to find the Angle at B. 
AsB D 200 c.or. 7.69896 ) 
Is to Radins 3 The Eaftermoſt Ship 
Sois OB 160 2.20412 > ſailed S W by W 
— 3 deg. 08/ Southerly.. 
To 7.c. O DBors.B 36 53 9.90308 ) 
Laſtly, for the other Angles. 
As Þ A 244 leagues, co..or. 7.61261. 
Ist07.B 36 deg. 53'3 9.77827( This Weftermoſt Ship- 
So is BD 200 leagues, 2.30103 failed E SE 6 deg. 
59' Southerly. 
To 5. A 29 deg. 29', 9.69191 
The two lietle Angles bei ſubſiract them from 180degregs, 


and the remainder is the Angle ADB 113 deg. 38'. | 
But in this and the Caſe two, you may ask why the longeſt fide 
be the true Baſe, and not as well one of the ſhorteſt fides. 
If therefore in the Triangle ABD we take DB for the true Baſe, 
PIl ay down the Triangle A D B, as before ( in the fourth Caſe ) 
andy Pl1-draw the Boſe BD forth tv E, as in the following Figure 3, 


then if you take the ſhorteſt of the other two ſides A D, and. deſcribe 
h * Ec 2 : the: 


: 


212 The DoGirine of Oblique right lined Treangles, 
the Arch ERDS, it cuts off S B for the difference of the two ſides, 


BE will be the alternate Baſe 3 and if you let fall the Perpendicular AR 
( upon the alternate Baſe E B) then DR will be equalto RE, Pll 


ſay then, * 


As D B the true Baſe 200 paces or leagues, co. ar. 7.69896 
Is to DA+FA B, the ſum of the other. two ſides 616; 2.78958 
So is the difference of thoſe two ſides SB 128, ' 2.10721 
To the alternate Baſe B E. 394 2. 

From which, if I ſubſirat D B, 200 9957s 
The remainder is DE 3 194 

The half of which is R D. 097 

Which being added toODB, + 200 

It makes B R 297 


And now I have BR 297, and BA 372, the two ſides of the right 
angled Triangle BR A, to find the Angle of the Eaftermoſi 
Ships Courſe, or the Angle at ip 


I ay then, AS AB 372 0% ar. 142 
Is to Radixs or 5s. AR B 90 deg. "90 
Sois RB 297 | 2.47275 
To yz. co. R AB, which is s.B 37 deg. 02/ 9.90220 
Then for the other Angle at A. 
As DA 244 co. ar. 7.61261 
Is to s. B 37 deg. 02/3 9:77979 
So is DB 200, 2.30103 
Ton A 29 deg. 35" 9.69343 


The difference between the Angles found, here and before, is by 
xcaſon of the fration of a unite omitted in the working of the ſides, 
as I have noted before in the finding of the ſides all along. - 


and applied to Plain Sailing. 213 


- The like tay be done, if yok make A D the true Baſe, as in this 
Triangle following, 


A 5 | ”; 


I extend the true Baſe to E, and with the” length of the ſhorteſt of 
the'other two ſides, I deſcribe the Arch SD RE, which cuts off SA 
for the difference between the two ſides (BA and B D )) and makes 
AE the alternate Baſe, 


I fay then, 


As the true Baſe AD 244, 

Is to the fumof AB+BD5g721 

So is the difference of them two ſides S A. 
To the alternate Baſe AE. 


Now if you ſubſira&t A D the trxe Boſe from the alternate Baſe A E, 
the remainder will be DE ; the half of which Cnamely DR ) added 
to the trxe Baſe, makes AR. 

Thus then you have AR and AB ( in the right angled Triangle 
ADB) to find the Angle at A, or the Weftermoſt Ships Courle 
which being found, you have the three ſides of the Triangle, and. an 
« Angle, to find the other Angles. 'I leave the praftice of it to your own 

ious. . E : ky ; . 

There be divers things wrought by theſe Trianglesz as, platting 
of Land at Sea, as one fails by it z and aſhore it's uſeful in ſurveying, 
and ſeveral ways : but thoſe things arc largely treated of already by 
others, and therefore Pl! omit them. 

I propoſe to fhew how to take the abſolute Lo arithm, Sine, or Tan- 
gent, anſwering to a numberz that ſo, if occaſion require, you may 
hind the abſolute minute of a degree you ſeck for in an Angle, or other- 
wile, 


214 The Dofirine of Oblique right lined Triangles. 
wiſe, This I refet you to triy Deſcription of the Uſe of thoſe Tables, juſt 
before them, at the end of the Book, | 


So much for the Doftrinal part of Right lined Triangles, both Right 
and Oblique angled » and the Application of them to Plain 
iling. 


CHAP. XXVIIL. 
Here followeth | 


A TABLE(| 


MERIDIONAL PARTS, 
To work by -.. | 


Mercatozs P2ojection. 


—_——__ 
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The Table of Meridional Parts. 


S | Latic.| Latit. | Lacir. | Latic. | Lari.| Lacie, | Lacit, 5 Lati 
? joodjord oz d[oz d.|og dos d.jos d.| 07d 
of © | 60.| 120 | 180 | 240 | 300 361 421 
2] 2 | 62 | 122 | 182 | 242 | 302 | 363 | 423 
4] 4 | 64] 124 | 184 | 244 | 304 | 365 | 425 
6] 6 | 66 | 126| 186 | 246 |.306 | 367 | 427 
8] $8 | 68] 128] 188 | 248 | 308 | 369 | 429 
wl. © 172.220 | 20 12221220 [27s 1 ann 
12] 22 | 92.| 732 | 192 | 252 | 312 | 373 | 433 
14] 14 | 74] 134 | 194 | 2541 314 1 375 | 435 
16] 16 76 | 136 | 196 | 256 | 316 | 377 | 437 
18] 18 | 78] 138] 198 | 258 | 318 | 379 | 439 
asf. op | 01 1901 200.1 8001 200-1 2000 Lond 
22] 22 | $825 142| 202 | 262 322 | 383 | 443 
24] 24 | 84\ 244 | 204 | 264 | 324 | 385 | 445 
26] 26 | 86| 146] 206 | 266 | 326 | 387 | 447 
281 28 | $8] 148] 208 | 268 | 328 | 39 | 449 
20130. j 22 j 150| a10] 270 | 330 | 397 | 457 
32] 32 | 92| 152| 212 | 272 | 332 | 393 | 453 
341 34 | 94 || 154] 214] 274 | 334 | 395 | 455 
36] 3s | 96 | 156 | 216 | 276 | 336 | 397 | 457 
381. 38 | 98 || 258] 218] 278 | 338 | 399 | 459 
4ol} 40 || 100 | 160 | 220 | 280 | 340 | 4or. 461 
42] 42 | 1c2 | 162 | 222 | 282 | 342 || 403 | 463 
44| 44 | 104 | 164 | 224 | 284 | 344 | 405 | 465 
| 46 | 106 | 166 | 226 | 286 | 346 | 407 | 467 
48 | 48 | 108 | 168 | 228 | 288 | 348 | 409 | 469 
\ $o[_5o_| 110 | 170 | 230 | 290 [350 | 411 | 471 
52] 52 | 1122 | 172 | 232 | 292 | 352 | 413 | 473 
534| 54 | 114 | 174 | 234 | 294 | 354 | 415 | 475 
56 | 56 | 116 | 176 | 236 | 296 | 356 | 417 | 477 
58| 58 | 118 | 178 | 238 | 298 | 2358=| 419 | 479 
60 | 60 | 120 | 180 | 240 | 3oo | 361 | 421 | 481 
Meri. | Meri. | Meri, | Meri. | Meri. | Meri. | Meri. | Mert 
Ford parts. 
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The Table of Meridional Parts. 


Lacit, 
o9 4 
542 


1544 


546 
548 
550 
222 
554 
556 
558 
560 
562 
564 
566 
568 
570 
573 
575 
577 
579 
581 
583 


Meri. 


555 
587 


| 589 
colt. 
"23* 1.293. 


595 
597 


599 
GOI 


603 
M-r1. 


marts, 


parts. 


Lartit. 


10 4. 
603 
605 
607 
609 
G11 
613 
615 
617 
619 
621 
523 
625 
627 
629 
631 
633 
635 
637 
640 
642 
£44 
646 
64.8 
650 
652 
$54 
656 


658 + 
660 
» 662 


664 


fi bori. 
»1Irti. 


Latit. 
11 4. 


664 | 


666 
668 
670 
672 


ors, 


676 
678 
680 


. 682 


684 
"686 
688 
690 
693 


Latit, 
12 4. 
725 
727 
729 
731 
733 
735 
737 


£94 | 755 


697 
699 
7OI 
703" 
705 
707 
709 
711 
713 


CASE lad 


717 
719 
721 
723 
725 
Meri. 
nIrts, 


Latit. 
13 4, 
786 
789 
791 
793 
795 
797 


A Meri. . 
« | parts. 


Latit, 
14 4. 
B48 
850 


ls oo 0+ » o | wh 


I'2 
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. 43 


J 


| "uw 


my 


oO © ce Ht O 


o. 2.7 09 —— = 
+ vice ooop w| 


. | Latit, 
17 d. 


1035 
1037 
1039 
1041 
[044 
1046 
1045 
050 
1052 
1054 
1056 


Laric, 
18 /. 


—— 


I 995 


11100 
1.102 


1104 
1106 
1109 


Il 
1113 


1115 


1117 
1119 


1058 
1060 
1062 
1064 
1066 


1068S 


1070 
I072 
1074 
1076 
1078 
1080 
1083 
i085 
1087 


108g 
9 | 1092 
1094 


1096 
1098 


- ws 
» | Meri. 


. parts. 


1121 
1123 
I125 
1128 
I130 
1132 
1134 
1136 


,1138 
,I140 


1142 


1144 
1147 
1149 


151 
TT53 


1155 


1157. 


I159. 
1161 


: Meri. 


parts. 


Latic, 


I9 4. 
161 
1153 
1166 
1168 
1170 
1172 


— — 


1174 
1176 
1178 
1180 
1:53 
1185 


1157 


1159 
1191 
1193 
195 
1197 
tlgg 


1202 


I 204 


OO —— 


1206 
1208 
1210 
1212 
I214 


1216 
1219 
I221 
1223 
1225 
Meri. 
parts 


Latic, 
29 A. 


—O— —_—— 


1225 
1227 


I229 


1232 
1234 
237 
1239 


1241 
1243. 


1245 
1247 
1249 
I251 
1253 
I255 
1257 
1261 
1263 
1266 


1268 


1270 
1272 
1274 
1276 
1278 


125T 


1283 
1285 
1287 
1289 
Meri. 


Parts. 


Latir. 
21 d. 
1259 
1291 
1293 
1295 


$297 
1300 


Laci 
22 4. 
1354 [1419 
356 
1258 
1360 
1362 
2394 [1 


I 302 
1304 


1306' 


1308 
1310 
1312 


1314 
1316 


1318 


1320 


1323 
1325 
1328 
1330 
1332 


1334 


1336 
1358 
1341 
1343 


1366 [1 
156g 
1371 
1373) 
1375 


1377 
1379 
1382 


1334 


1386 
738% 
1390 
1392 
13794 


1396| 


I 395 
1401 


1403 |. 
1405 |. 
1407 


1345 


1347 


1349 
1351 
1354 
Meri 


parts. 


1410}; 


1412 |! 


1414 |; 


1416 | 


1419 


| 


Meri. 


parts. 


O © ap SIS 


—— 
YP 


Sw 
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218 The Table of Meridional Parts. 

—S( Latir, | Latir. | Latity | Latite | LAG Lani | Caries] Lari, S 
? [24 d.]25 4.126 4.127 4 pg zod.j314d.] 7 
(s) 1484 155011617 1683 | 1751] 1818 1387 1958] © 
2|1486|1552|1619 16% | 1753| 1821 |1890| 1960] 2 | 
4|1488 |1554 11621] 1688 |1756| 1823 | 1592| 1962] , 
6|1491 [1556 | 1623 | 16901758 1825] 1894\ 1965] 6 
811493 [155941525 1692 | 1760| 1827 | 1898| 1967] 8 
10]1495 [156111627 1694 | 1763 1830] 1900| 1969 | 10 
12|1497 (1 563. 1630|1696 | 1765 1832 | 1902| 1972 | 12 
14 1565 | 1632] 1699] 1767 | 1834 | 1904 [1975 | 14 
16|: 15671634 | 1701 |1770| 1838 1906 | 1978] 16 
18]: 1569 | 1636] 1703 |1772| 1840 | 1908) 1980] 18 
20]. 157211639 | 1705 [1774| 1842 191C 1982 | 20 
22 |1508 [1574 | 1641 [1707 1776 1845 | 1914 | 19d4 |22 
24 15761 1643 | 1710 1778 1847 |1916| 1986 | 24 
26. 1578 [16451713] 1781 1849 [1915 | 1988 | 26 
28| 158041548, 1715] 1784 | 1851 [1921] 1991-1 28 
30151 1583 1650 1717; 1786 1854 1923119931 30 
32 \T586 1652 1719. 1788 1555 1925 I995 | 32 
34. 15884 1654 [172111790 1857 [1926 |1998 | 34 
36. 1590] 1657 | 1724] 1792. | 1860 | 192B| 2000 | 36 
3$. 1593 1659) 1726 1794 | 1862 | 1931'| 2002 | 38 
40| 1528 [1595 | 1661 [1728 | 1796 [1864 [1934 [2004 [49 | 
42 'T53c 1597 1663 | 1730, 1798 | 1566 [1936 | 2007 | 42 
44. 1599, 166511733 1801 | 186g | 1939 | 2009 | 44 
46. 1601, 166 12735; i1$03 | 1871 | 1941 | 2012 | 46 
48] 1604416701737, 1805 [1873 | 1943 | 2014 | 48 
50| 1605 [167211739 | 1807 | 1876 [1946 | 2017 | 50 
52 1607; 1674. 1740] i816 (S810 'TD7> 1948 2019 52 
54 1610|167711742] 1812 | 15801951 |2021|54 
56 1613116791745 | 1814 [1853 [1953 | 2023|56 

-$8]1548 [1615 1681. 1747 | 1816 [1585 [1955 | 2025| 58 
6011550]1617 1683. 17514 1818 [1857 [1955 | 2028] 60 

A Mert., Meri. | Mere 1 Mieri. | Meri. ' Mer. Mpvrt. 

peyts, | parts, Iharts. | 2cts. F parts. | party. | party Z 
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td 


's * 
oO 00.+ v» o| WW 


I2 


| 2080 } 


203 | 


F 


Lathe. 


33.6 
2101 
2103 
2105 
2108 
2110 
2112 


2114 
2116 
2118] 
2120 
2122 


2125 
2127 
2130 
2133 
2134 
2136 
2139 
2141 
2144 
2146 
2149 
2152 


2157 


2154| 


2159 | 
2162[ 

2164 | 2 
2166 |, 
216g| 2 
2171|,2 


'Larir. 
34 4 
2171 
2174 
2176 
2178 
2181 
2183 


2186 
2188 
2191 
2193 
2195 
2197 


2199 
2202 


2204 


'Latic, 
35 d. 
22.44 
2246 
2249 
2251 
2253 
2255 
2258 
2261 


2266 
2269 
2271 
2274 
2276 
2278 
2281 
2283 
2286 
2288 
2291 
2293 
2296 
2298 
2301 


2303 


232 [2306 


2264, 


'Lirin, 
36 4 
23158 
2320 
2323 
2326 
2329 
2331 
2333 
2335 
2337 
2339 
2342 
2345 
2347 
2349 
2352 
2355 
2358 
2360. 
2362 
2365 
2368 
2370 
2373 
2375 
2377 
2380 


2308 


[ 


[2310 


[2313 
2315 


£2318 


| Meri. 


. | Meri. 


harts. 


. ' parts . 


2382 


2387 
2390 
2392 
Meri. 


parts. 


2385] 


| 


Lat. | 
37 4. 
2392 
2395 
2397 
2400 
2402 
2404. | 
2407 
2409 
2413 
2415 
2417 
2420 
2422 
2425 
2427 
SE 
2433 
2435 
2438 
2440 
2 4.42 
2444 

2446 | 
2449 | 
2452 
2455 | 
2458 | 
ns 


2463 


2468 
Meri. 


Latit. i 


38 4.1394. 


2465 
2471 
2473 
2476 
2475 


2481 


2483 
2486 
2488 
2491 
2493 
2496 
2498 
2500 
2503 


2506 


2509| 


2512 


2514| 


2517 
2519 


'2521L | 


2523 
2526 


2528] 
2531| 


2466 | 


parts. 


2533 


2536| 
2538] 


2541] 


2544 


Mer. ; 


parts. 
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Latit, 


141 4. 


2702 
2704 
2707 
{2710 
'2712 
'2715 


2717 | 


2720 
2723 
[S785 
2731 
2733 
2736 
2739 
2741 
2744 
2747 
2749 
2752 
2755 


2758 
2760 
2763 
2766 
2768 


2771 
2774 
2776 
2779 
2782 
Merit. 


parts, 


[Latic. 
42 d. 
2782 
2784 
2787 
2790 
2792 


Latit.: 
43 4 
2563 
2866 
2869 
2871 
2574 
2877 
2850 
2882 
2885 
3888 
2890 
2893 
2396 
2899 
2902, 
2904 
2907 
2910 
2913 
2915 
2918 


| 2921 
| 2924 


2926 
2929 
2931 


2935 
2937 
2940 
2943 
2946 
Merrt. 


. | parts. 


Latit 
44 d. 


La it. 
45 4. 


| 


Latir, 
46 d. 


Latic. 
47 4. 


2946 
2949 
2951 
2954 


2957 


2960 


2963 
2965 


2971 
2974 
2976 
2979 
2982 
2985 
2988 
2990 
2993 
2996 
2999 
3002 


3005 
3007 
z0IO 
3013 
3016 
zorg 
3022 
3024 
3027 
3030 
Meri. 


parts. 


2968 


3030 
3033 
3036 
3035 

3041 

| 3044 

| 3947 
3050 

3053 
3235 

| nt bo 
3061 
3064 
3067 
3070 
3973 
3075 
3078 

.3081 
3084 
3087 
3090 
3093 
3095 
3095 
3101 
3104 
3107 

3110 

3113 

3116 

M. ts 


parts. 


3116 
3118 
3121 

3124 
3127 

3130 

3133 
3136 
3139 
3142 
3144 
3147 
3150 
3153 
3156 
3159 
3162 
3165 
3168 
3171 
3173 
3176 
3179 
318 
3185 
3188 
3191 
3194 
3197 
3200 
3203 


] 


3203 
3206 
3509 
3212 
3214; 
3217 
3220\ 
3223 
3226 
3229 
3232 
3235 
3238 
3241 
3244 
3247 
3250 
3253 
3256 
3259 
3262 
3265 
3268 
3271 
3274 
3277 
3280 
3283 
3286 
3289 
3292 


Mere. 


parts. 
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[ *urja 


© 00% t © 


49 4 
3382 
3385 
3388 
3391 
3354 
3397 
3400 
3403 
3407 
3410 
3413 
3416 
3419 
3422 


3428 
3431 
3434 
3437 
3440 
3443 
3447 
3449 
3453 
3456 


3367 [3459 


3462 
3465 
3468 
3471 
3475 
Mert. 


parts 


Latit. 


3425 


| 


Latit, 
51 d. 
3569 


Latir, 
50 d. 


3475 
3478 
3481 
3484 
3407 
3490 
3493 
3496 
3499 
3503 
3506 
3509 
3512 
3515 
3515S 
3521 
3525 
3528 
3531 
3534 
3537 
3540 
3543 
3547 
3550 
3553 
3556 
3559 


3562 
3566 


3569 
Me ri . 
parts, 


3575 
3578 
3582 
3555 
3588 
3591 
3594 
3598 
3601 
3604 
3607 
3610 
3614 
3617 
3620 
3623 
3626 
3630 
3633 
3636 
3639 
3643 
3646 
3649 
3652 
3656 
3559 
3662 
3665 
Meri | 


parts, 


3572 


Larir, 
52 d. 
3665 
3669 
3672 
3675 


3682 
36855 
3688. 
3691 


3701 
3705 
3708 
3711 
3714 
3718 
3721 
3724 
3728 
3731 
3734 
3737 
3741 
3744 
3747 


3751 
3754 
3757 
3761 
3785 
Mert. 


parts, 


3678: 


3695 
3698: 


Latit. 
53 4. 


Latic. 
54 4. 


Latit.. 
55 4. 


3765 
3769 
3772 
3775: 
3778; 
3750! 
3783 
3787 
3791 
3794 
3797 
3801 
3804 
3807 
3811 
3814 
3817 
3821 
3824 
3827 
3831 


3885 


3865 
3868 
3872 
3875. 
387% 
3882 


3859 
3892 
3895, 
3399 
3902 
3906 
3909 
3912 
3916 


3920 
3923 
3926 
3930 


38 

3838 
3841 
3544 
3548 
3851 
3855 
3858 
3861 
3865 


3931 


3933 
3937 
3940 
3944 
3947 


3954 
3958 
3961 
3965 
3968 


396d 
3972 
3975 
3979 
3982 
3986 
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3589 
3993 
3996, 
4OOQO; 
4003* 
4006! 
4010 
4014 
4017; 
4021} 
4024 
4028 
4031 
4035 
4038 
4042 
4046 
404g 
4053 
4056 
4060 
4063 
4067 
4070 
4074 


Meri. 


parts. 


Meri. 


Mert. 
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Catie: 
61 4. 
4549 


| 


Latic. 
62 4 

4775. 
470) 
4784 
473d, 
4792 
4797 
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The Table of Meridional Parts. 


w 
to 
vo. 


Z I Latit. | Latit. | Latit. f Latite4 Latir, { Lair, hy 
Z [64 d.| 65 4.166 d.|67 4.168 4.169 d. 2 
©15040| 517915324 | 5474] $631 | 5795! © 
215044| 5184 | 5329 [5480] 5637 | 2 
4 | 5049| 5189 | 5334 [5485] 5642 4 
615053| 5193 [5339 15499] 5647 6 
$[5058| 5198 [5344 [5495] 5653 [5818] : 
10|5063| 5203 [5349 [5500] 5658 [5823] 59951 5177110 
72 [5067 | 52081 5354 [5505] 5664 T2 
14 [5072|5212 [5359 [ 5511} 566g I4 ; 
16 |5076| 5217 1535415516] 5674 |'5 16 
18 |5081| 522215368] 5521] 5680 18 
20|5086| 5227 | 537313526] 5885 20 
22 |5090|$23215378 [5531] 5691 22 
24 |5095| 5236 [5383 | 1537] 5696 24 
26|5100| 5241 | 5388 [5542] 5701 26 
28|51c4| 524615393 [547] 5707 28 
30|5105| $251 [339d 455521 5712 | 5950 | 605: - 
32 |5114|5256 £5403 [5557 [5718 32 
34|5118| 5261 $540s 1556315723 34 
36|5123|3265 $5414 [55681 5729 36 
38 [5127] 5270, | 5419155934 5934 | 3s 
40|5132| $275 15424455784 5740 40 
42 |5137| 528015429 155541 5745 42 
44|5142|5285 [5434 [5559] 5751 44 
46|5146| 5290 [5439 15594] 5756 46 
48 [51515295 [5444 [5599] 5762 48 
yo/5156| 5299 [5449 45905] 5767 (3937, 39 
$52|5160{ 5304 $5454 15610] 577 | 52 
54 '516545309 [5459 [561545778 |. 54 
61517015313.15464 15621 | 5784 |' 56 
58 $174] 5319 5465s 5626] 5790 | 5961! 58 
80 $179 [532441474 [5631.1 5795 | 59671 6145|6335|60 
| Meri.\| Mer:. | Meri. } Meri. F Meri, 
parts, | parts... Þ varts, Voarts.} parts. 
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| 24 The Table of Meridional Parts. 
= | Lain, | Latin ſLatit [1am Linc at. SO _ Laut. | S 
| © 172 d. 73 4474 4. 75 4. 164\a7 9.178 4.179 4.\80 4.] 7 
\ © 0|6336|653516747|69711721117465[7740|8047 |8377| © 
2 |6342|6542|67541697517220]7478[7756|$055 [8389 | 2 
4\ 6349 | 55491676 1]6957]7 228/748617765/8069|8400| , 
6| 6355 | 6556|6769]6995[7235]7 4951777518079 |8412 | 6 
s|636216563|6776]700317245|7 504[7785]8090 | 8424 | 8 
10153681 55716783]701<17253/75 151779581001 5435 [10 
121637516577 701217261/7522178048111 | g447 | 12 
14] 63811 658415798170261727c753117814 $459 | 14 
16] 6388] 659c|6805[703 417272]; 540 8471 |16 
15|6394 | 6597}681317042[7287[755c 8483118. 
20| 6401 | 6605]682c[705c[729517 55917844 84c4 | 29 
22|6405| 6611 6827/705t 1303175658 8506 |22 
24| 6414 | 661$}683517065]731217577 8518 | 24 
2616421] 66251684217073[732117586 8530 | 26 
28| 6427] 6632|685c|7081]7 325[7595 854228 
305434 | $635]6857]70851733517505 8555 |30 
32| 64411] 6647]68651709717346[7614 8567 | 32 
34 | 6447 | 65541587217 1051735517623 8579134 
36| 6454 | 66611688017 1131736317632 859136 
38] 6461|666816887|7121]7372[7642 8603 |38 
40|6465|667516895]713c7381 7651 8616 
42 |5474| 668216903/7 135[7J>; [7661 
44 | 6481 | 668g|6g10|7 146]739t[7670 
45 | 6488| 669616918715 41740; [7679/7 
48 | 6494 | 6703/6925/7162[7416]7 5871798 
50|650r|671116933/717C 7124[7698 | | 
52 [6508 |6718|6941]7 17t[743 307705 SouÞ[$3 37 
54|6515|672516948[7187]7 44: 77)7|801 $3434 
56 | 6522 | 6732159567 19517451[7727|8028[8 354; 
58 | 6528 | 6739|5964[7203[7455[7737 $037 
60| 6535 | £747]6972[72111745517746 
Meri: | Meri.,| Meri. | Mers. on Meri. [Meri, 
| party. parts.) parts. arts. arts. dargs.)parts. harts, | parts 
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The Uſe of theſe Tables of Meridional Parts. 


He Parts expreſſed here, are Meridional Parts of Latitude; and 
T they arc ſuch, that 60 of them is a degree of Longitude in that 
Latitude ; ſo that if a man fails out of one Latitude into another, the 
parts contained between thole Latitudes, are in.the ſame. meaſure that 
the minutes of Longitude are, Their onely ufe then is, to find the 
Meridional Parts contained between any two given Latitudes,and with 
that to make a fide of a Triangle, whereby'to hind the difference of 
Longitude. NY 


CASE r. 
To find the Meridional Parts contained between two Latitudes. 


Queſ. 1.' Admit I ſailed from the Latitude of 50 deg. 08', into the La- 
titnde-of 4.9 deg. 2' ; I demand the Meridional Parts contained between 
theſe Latitudes ? | 


] Look at the head of the Tables for Latitude 50 deg. and in the lit- 
tle Colume on the left hand or on the right hand ( which is near- 
eſt ) for 8 minutes, and I find under 50 deps and againſt $' 3487 
Alſo under 49 deg. and againſt 2' 3385 
Which being ſubſtracted from the other, the re- oo 

wainder is the difference of Latitude in parts. > OTOZ 

This difference of Latitude in parts I uſe as a common fide of diffe- 
rence of Latitude, to find the difference of Longitude by. 

Theſe Tables are calculated but to every two minutes of a degree, 
which is near enough : for it falls to be upon a number of minutes that 
a ns Tables, it is but taking halt the difference between that 

the next, ay | 


For Example. | 
. Admit I would know the Meridional part anſwering to $0 deg, 7'. 
T look for 50 deg; 6 min. and find 3484 
I look for 50 deg. 8 min. and find - - $487 
The difference between theſe is - 3 
The half difference is "8. 


* G [4 This 


126: Propoſitions of Sailing , 
This 1 5 adde e pig _ anſwerin wk deg. 6 - 
' idional part -to 50 deg. 
nos © the hes incookiderable );3 bur this you do by orfely looking 
to the parts, and adding one, or ſubliraQting, according as you deſire, 


CASE: 2; 


The Latitude of two places, and the difference of Longitude be» 
tween them Ac G find the Courſe and 3 bags 


Queſt. 2. Admis there be #wo places, one in the Latitude of 51 degy. 10/, 
the other in the Latitude of 48 deg, 00', and the Sonthermoſt of theſe 
places is to the Weſtwards of the Northermoſt 4 deg. 38's; I. demand 


their bearing and diſtance one frons the'other. 
Ake the Meridional part an- 
/) [| freingto ach Laticudejand 
ſablirat them one from the other 3 


and ſo I have the-difference of La- 
titude in parts. Now theſe parts 
| . being (as I have ſaid before) ſuch 
parts'as 60 of ther make a degree 
of Longitude, I have my difference 
of Latitudc'in patts given, and my 
difference of Longitude in minutes: 


(orſuch parts) whereby Lay down 
the Triangte' ADE, as,l would doa 
cortitnons Qbeſtion, where difference 


. of Latitude and Depatcure is given, 
as and fo find the Corſe, this: © 
Exemple. | 
Latitude 51 deg. 1o' Menid: parts 585 
Laticude' 48 deg..oo' Merid. parts. : 292 
The Meridional parts contained between theſt Latitades, is 293 


The diffcrenes of Longitude in parts or minutes, is _— 


z- 
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| T ſay then in-the Triangle AED, 
As theidiffexcnce of Latitude in;garts, A E'293 co. ar. $331 
Is to Radixs or 15iE goideg. 00' 3 at. de 
[$05 the difference-of: Loogitudein parts, E D 278', 2.44404 


'To the Tangent of the Courſe 2. A 43 deg. 29'. 9.97717 


"Thus then you haye the Courſe,given, namely the Angle. at A 43 
deg. 29',-and the two Latitudes 3 ( ſubſtradt them one from the. other, 
aud the di convert into miles ) and ſet it off from A, the dif- 
ference of Latitude is A. B:190 miles. To find the diſtance run AC, it 
flls.undes the third Caſe. 


. For the diſtance A C. 


- As 7x.co. A 43 degs 29/ co. ar. 9.386068 
Is to AB 190 miles 2.27875 
So is Radius. B90 \Meg. 

To C A 262 minutes. . 2.41806 


The diſtance run-is thus found then to be 262 miles neareſt. 

"toute bedone-by Gunter's Rales,as-in Calc the fifth and Caſe 
the third;* but ſurely no man-can; beignorant of: that:Ruler' that knows 
how to work by theſe Tables. 


CASE 3. 
The "Latitudes of two- places, - aud their diſtance given, to find 
. their bearing and difference of Longitude. 


Queſt. 3. Admit there be a place in the Latitude of 48 deg, 00', another 
in the Latitude of 51 deg. 10', and to the Eaſtwards of the former 
262 miles, I demand their-beariug, aud the difference of Longitude be- 
tween them. 


N this Queſtion you have the two Latitndes given: ſo that by ſub- 
L ſtracting them one from the other, you have the difference of La- 
titude ; ( reduce it into miles) alſo you have the diſtance run 260 


miles; ſo that you may lay down the Triangle A B C, a common Tri- 
Gg 2 angle, 


E VP 


| 


A. 


in parts given AE, and the Cour 
of Longitude E D. 
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angle, and in it you have given 
AB, and AC, to tird the Courſe, 
which is the Angle at A: it falls 
under the firſt Caſe of Right lined 


right angled Triangles, 
"The nn? being found, in the 


next place take the Meridional Parts 
contained between the two Lati- 
tudes, and with them Parts and the 
Courſe lay down the Triangle 
AED, as a common Triangle is 
laid, that hath the Courſe and dif- 
ference of Latitude giyenz and 
you have the difference of Latitude 


ſe or Angleat A, to find the difference 


5, 


Example. 


The one Latitude is 
The other Latitude is 


deg. min. 
51 10 
48 00 


' The difference of Latitude is B A .03 10 or 190 miles, 
\ AC the diſtance of the places is given in the Queſtion 262 miles. 


For the Courſe A. 
As the diſtance A C 262 miles, co. or. 7.58169 


Is to Radius or 1. B go deg. © 


* Sois the difference of Latitude B A x90 miles, 2.27875 


To Ss, C0s A C B 43 deg. 29/, 


9.8 


$6044 
The bearing of the Northermoſt Port is North Eaſt by North g deg, 


44 Eafterly. 


Next, for the difference of Longitude ED. 


I lock for the Meridional parts contained between the two given 
Laticudes, and having found it, ( as here to be 293 ) with this, and 


the Courſe before found, I (ay, 


As 
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- As 4. ca. A (whichis s. ADE) 43 deg. 29' co. ar. 0.13931 
Is to the difference of Latitude in parts, AE 293 pacesz - 2.46686 
So is 1. A 43 deg. 29', 9.83767 
To the difference of Longitude E D 278' or parts. 2.44384 


Which is 4 deg. 38', e like for any other of this kind. 


CASE 4. 


The Latitude of two places given, with the bearing of them one 
from the other, to find the diſtance between them, and the dif- 
ference of Longitude. 


Queſt. 4. Admit there be a plgee in the Latitnde of 51 deg. 10', another 
in Latitude p deg; 00” ( both North Latitude |) and that the Sou- 


thermoſt pl bears South 4.3 deg. 29' Wejterly from the other ; I de- 
| mand the e and difference of Longitude between them #? 


A 


Ere you have the two Lati- 
tudes givcn,and the Courſe 
whercby you may lay down the 
Triangle ACB, a common Tri- 

| angle, and you have given in it - 
the Angle at A #3 deg. 29' the 
fide A B the difference of Lati- 

tude 190 miles 3 whereby I find C B 


the diſtance. 
For AC, 


| Og _ 
As 7. co. A 43 deg. 29/, co. ar. 0.13931 
Is to AB 190 miles ; 225875 
- D Recs or. ABC 90 dep, os 
oCA 262 leagues, 2.41806 
The diſtance between the two places. 


For the difference of Longitude D E. 


I look for the Meridional parts contained between the two Latitudes, 
. and with them and the Courſe given in the Queſtion, I lay down the 
Triangle 
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Triangle A E D (as in the Queſtion! before this-)-and init F have the 
«difference of Latitudein parts E'A given me, 'ard the'Angle at A 43 


deg. 29', to find the difference of Longitude E D. 


-I fay then, 
'As #. ©. A 43 deg» 29', C0. ar. 6.13927 
Is to AE 293 parts; 2.46686 
So is s. A 43 deg. 29' 9.83767 
To DE the difference of Longitude 278' 2.44334 
. On 4:deg. 38 ecquized, 

CASE s. 


The Rumb, the difference Ao wde, and -one Latitude gives, 
to:find-the other Latitude and the diftance. 4 


Queſt. 5. 4dmit I ſer from a place that 4 in North Latitude 5 1 deg, 10, 
L ſail South Weſt by South 9g bs 44' Weſterly, that is, South 43 

” g. 29' Weſterly, till I bave W _— itade from the place I ſet 4,deg. 
itude I am in, -and my diftaxce from 


38” or 278'; I demand what Lati am 6 
the place I ſet. 


N this Queſtion I have given the Angles of the Triangle AE D, and 


 thedifference of Longitude ED; whereby 1. lay down the:Trian- 
angle A DE, as a common Triangle, and ſay, | wy, 


To find the difference of Latitude in parts AE. 


As 5. A 43 dege 29's C0. ar. 0.16232 
Is to the difference of Longitude in parts DE 278 3 2.44404 
So is 1.co, A 43 deg. 29/. 9.86068 
To AE the difference of Latitude in parts 293 2.46704 
Now I—G of Latitude in parts being found, I ſeek in the 
Table of Meridional Parts, what an{wers-to the Laritude given me in 
the Quclition 51 deg. 10', and I find 3585 
From which IſubſtzaQt:the differcuceof Lat» found inparts 0293 
The remainder!'is - 3292 


PIL look. ins the Tabks of - Meridione] Parts for 3292, and: over -— 
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find Latitade 45-deg..and again it in the little 'Colume: of i minutes ; 
fo I conclude the-other Latitude is q\deg. oo': The reafor why I ſub- 
ſiracted the Meridional parts found, was, becauſe I failed to the South 
wards into a leſs Latitude. 

We have now both Latitudes given; fo that if we ſubſtrae the lel. 
ſer from the greater, we have the difference of Latitude 3 deg. 10', or 
190 miles: with this difference of Latitude, and the Courle given in 
the Queſtion, we' will lay down the commion Triangle A C B, and fo 
in-ic we have given the Angle at A 43 deg. 29', and: the fide A'Bthe 
difference of Latitude in; miles,to-find the diſtance ren A'C 4 ſo that 
this falls under the ſecond Caſc of right lincd: right angled Friavgles, 
thus : 


As 7. co, A the Courſe 43 deg. 29), - co. ar, 0.13931 

Is to the difference of Latitude in miles 190 miles 3 2.27875 

So iS Kadins : — 

To thc ditiance xun AC 262 miles, 2.41706 
CASE 6. 


The Courſe, the diſtance, and one Latitude gives; to- find the o- 
ther Latitude; and the difference of Longitude. 


Queſt. 6. Admit I ſet from 48 deg. North Latitude, and ſail North Eaft- 
erly 4.3 deg. 29", 262 milet; . I'demand what Latitud: I am in, and 


my departure from my Meridian, with the difference of Longitude ? 


Ere I have the Courſe and E RENEE 
Lk diſtance run given, where- 
by I may lay down the common - 


Triangle ABC; which being a : 
done,. I have A C given 262 7C 
miles, and the Angle at A 43 deg. 
29, to find the difference of La- 
titude BA. Il ſay then, 

As Redius or ABC 90 dey. 

Is toC A 262 milesz 2.41830 

Sois 5.co.A 45 deg-29' 9.86068 


ToB A 190 miles. 2.27898 # 


PR” 


Th1> 
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This difference of Latitude 190 miles ( which is 3 deg. 10' ) ads 
ded to the Latitude, I ſet from.( 48 deg. co') gives the Latitude 1 
am in 51 deg. 10', 

Laſtly, I have now the Courſe given, and the two Latitudes, to find 

the difference of Longitude, : 


See what number of Mcridional parts is contained between the two 
Latitudes, and I find 292; with that and the Courſe I lay down the 
Triangle AED (as I have formerly ſhewed ) and ( as | would do a 
common Triangle ) where the diffzrence of Latitude in miles, and the 
Courſe is given, 

In which Triangle I have the difference of Latitude in parts AE 293 
and the Courſe A 43 deg. 29' given. | 


To find the difference of Longitude E D, as in the fourth Caſe of 
this Sailing. 


As 5.co, A 43 deg. 29', co. ars 0.13931 
Is to AE 293 parts 2.46686 
So is 5. A 43 deg. 29' 9.83781 


To E D 278 parts or minutes of Longitude required. 2444398 


CASE 7. 


To convert miles into minutes, or minutes into miles in any Lati- 
Fe d, 1, 


Queſi. 7. Admit there be two places in the Latitude of 46 deg, diſtant 
750 miles ; I defire to know the difference of Longitude between them. 


T is to be conſidered, that a degree upon the greateſt Circle of the 
World ( ſuch a one as divides the Globe of the Earth into two 
Hemiſpheres ) is but 60 miles, as upon the EquinoRtal, &c. Now 
though every ſmaller Circle or Parallel is 360 degrees about, yet thoſe 
degrees cannot be 60 miles in each 3 therefore we would know the 
meaſure of theſe ſmaller Circles in miles, or what number of degrees 
any number of miles will be in any of theſe leſſer Circles 3 which will 


be found by this 


General 
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General Rule, 


As the Complement of any Latitude, or the diſtance of that Parallel from 


the Pole, 
Ir in proportion to the Equinotiials diſtance from the Pole Cor Radius ); 
So is the number of miles in that Parallel, 
Tothe nuumber of minutes contained in that number of milex. 


Example, in the Caſe before we. 


As 7. co. 46 deg. oo" of Latitude, co. ar. 0.15322 
Is to Radius 90 deg. 
So is 750 miles in that Parallel, 2.37506 
To 1079 minutes : | 3.03328 
; 45 &<4 m. 
Which converted into degrees and mi- rY&F(9(17 59 
& & 0 


nutes, is 17 deg. 59'. 


If you would turn minutes into miles, admit they were 1079/, 
As Radius 


Is to 5. co. the Latitude 46 deg. oo! 3 | 9.84177 
So is the number of minutes 1079, 3.03328 
To the number of miles contained in thoſe —— 
minutes 750 miles, > 2.87505 


Now from this Rule, a man may work his Reckoning daily at Sca. 
Imagine that the r1oth day of May, Mwnday, 1684, I departed fiom 
the Lizard, which lieth in North Latitude 50 deg. 00', and failed 
Weſt South Welt 102 miles ; 

Then South Weſt by Weſt 150 milcs. 
Then South Weſt by South 100 miles. 
Then South Weſt 100 miles. 
Then Weſt South Weſt 142 miles, 
; Then South Weſt by Weſt 100 miles. 

And 1 would know daily the difference of Longitude that I have 
made, and keep my Reckoning by Longitude and Latitude, as indeed 
it was always my cuſtom to doz and I have ſhewed tiiis way by the 
Plain Scale. But this I always uſed : | 

I look in the Table for that purpoſe, which is in my Father's Sea- 

| H h 


+ mans 
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mans Prattice ; and in this Book for the Meridian-diſtance that the firſt 
Courſe and diſtance makes, ( or elſe I work it ſome other way ) and 
I find Weſt. South. 
A Weſt South Weſt Courſe 102 miles, makes 94.0 40.0 

This Southing 1 ſubſtraRt from the Latitude I ſet from, and it leaves 
the Latitude 1 am in 49 deg. 20' : ( ſet it down in the Colume of 
Latitude ) 3 the Mcridian-diftance I fet down in the Colume of Weſt 
Mcridian-diſtance, And lattly, for to find the Longitude that this 
Meridian-diſtance will make, I find the middle Latitude between ye- 
ſterday and this day z ( I mean, that was between 50 deg. and what 
now I am in, when I have failed this 102 miles ) as I have largely 
thewed. That done, I find it to be here 49 deg. 40'. 


Then I ſay, 
As 3.co, the middle Latitude 49 deg. 40' 0.18893 
Is in proportion to Radims 3 
So is 94 miles, 1.97312 
To 146 minutes, or 2 deg. 26". 2.16105 


&nd this makes up the firſt Line of the Reckoning to be expreſſed, 
as here underneath, thus : The 1xth Tuclday I was in the Latitude of 
49 deg. 20', and bad Weſt Meridian-diſtance from the Lizard 94 miles ; 
T had Weſt Longitude 2 deg, 26/. 


Secondly, for the next days Work. 


| Weſt. Somth. 
South Weſt by Weſt 150 miles 124 84 


I ſubſtra& my Southing from the Latitude I was in yefterday, and 
I have 47 deg. 56' for my Latitude that Iam in to day : Take then 
the Meridian-diſtance 124, and adde it to the Meridian-diſtance you 
had yeſterday, and ſo you have 218 for your whole Meridian-diſtance. 
Alſo take the middk Latitude between the Latitude yefterday and to 
' day, which is 48 deg. 39', and ſay, 


As 7. 0. 48 deg. 3%, co. ar. 0.17988 
Is to Radics 
S6 Is the Meridian-diſtance 124 miles, 2.09342 


To the difference of Longitude in minutes, 288/ or 34, 8  ” 
w 


"* , 4 ».S 
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deg. min. 
Now this difference of Longitude 3 ©8 
Added to the Longitude before 2 26 
Makes the whole Longitude to day Ip 


So that the ſecond Line is made up, and may be expreſſed thus : 
The 12th Wedneſday, I was in the Latitnde of 47 deg, 56';, Thad Wet 
Meridian- diſtance 218 miles, I had Weſt Longitude from the Lizard 
5 deg. 34'» And thus every day you may keep your Reckoning, as 
here following. 

But for your fuller information. in this matter, I refer you to what 1 
have ſaid before concerning this matter z where I have treated fully 
of the manner of ſetting down your Reckoning daily. This is the Rec- 
koning of the Courſes and Diſtances on the other fide, I leave the 
practice of it to the Learner, 


The 1oth of May, Munday, we departed from the Lizard, 
Anno 1684 ; it is in North Latitude 50 deg. 00 min. 
Here followeth my Weſting and Somthing, 


Da. Mo.| Week-days. Latitude. | moon Longitude W 


: diſtance. 
deg. min. ka" deg. min. 
11 Tueſday 49 20 094 02 26 _ 


12 Wedneſday 47 56 218 05 34 
13 Thurſday 46 33 274 ©6 56 


14 Friday 45 ol 366 O9 07 
I5 Saturday 44 ©8 498 12-10 
16 Sunday 43 18 572 13 53 


But to anſwer the Queſtion propounded, you may read daily your 
difference of Longitude in its Line for that day 3 for you ſce ly it's 
ready caſt up. 


For Example, 


Admit it is the 16th day, I would know my Reckoning ; I look u 
on that Line, and read it / Ab : 6 , of 
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The 1oth of May, Sunday, I was in the Latitude of 43 deg. 18', and 
was t0 the Weſtwards of the Meridian of the Lizard 572 miles; I had 
Weſt L__ from it 13 deg. 53', And after the ſame manner you 
may read any other Line. 

I uſe at Sea to work the proportion by Gwnter*s Ruler for every 
day, becauſe that is ſoon done, and tree from any miſtakes; but I leave 
every one to their own mind, I have been the briefer here, becauſe 
I have been very large on this way of keeping a Reckoning in this 


Treatiſe already. 


Thus much for Mercator's Sailing. 


About the Variation of the C ompaſs. 


Had thoughts to have ſhewed at large, Rules for the Variation of 
the Compaſs but I ſhall not infiſt much upon it, becauſe *is 
treated of by ſo many already, and is ſo cafic a thing, onely thus : 
When by an Azimrnth Compaſi, or the like, you obſerve the Sun at 
his Riſing or ſetting, and note the degree from the Eaſt or Weſt; fo 
much as it differs trom the true Amplitede ( which you work for in 
the Sphere ) ſo much is the Variation. 


Example. 
| deg. ming. 

Admit the true Amplitude of the Suns Riſing were g 
' Eaſt Northerly 0 24 


The Magnetical Amplitude, ( or the Suns Riſing 
by the Compaſs) were Eaft Northerly F 20 . 00 


Cm — —— 


Their difference, is the Variation 8 24 


And it's Weſterly, becauſe the Eaſt point of the Compaſs is more 
Northerly than it ſhould be, or ( which is more proper ) the North 
point is more Weſterly than the true Meridian of North. 1 ſhall ay 
no more of this here, but refer you to my Father's Seamans Prattice, 
where it's largely treated of in page the 111 to page the 120 3 and 
alfo here in the Proje&ion and Ule of Azimuth Compaſe. £ 

oy 


titudes of 
land. 


| Latitude 5odeg. oo min. Longitude 00 deg. co min. 


237 


Here followeth a Catalogue of the Longitude and La- 
the moſt principal Places in the World, 


beginning from the Meridian of the Lizard of Eng- 


The Rock of Lizbon 
Cape St. Vincent 
Cape St. Maria 

The Streights Mouth 


Tangier 


|  Head-lands and Places in the Rn: 
| their Names. 


| Cape de Gatte 
Cape St. Martin 

Cape Dega Frito 

Cape Larci 

Cape Melle 

Cape Spartenenturs 

Cape St. Maria 

. 4angh 

' CapeCafta 

Roguſa 


their Names. 
Cape de Hagne N 
Carkitts N 
Uſpant- N 
Cape de Machicacs N 
Cape Pinos N 
Cape Ortegal N 
Cape Finifterre - 
N 
N 
N 
N 
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Places in France, Spain, and Portugal ; 


Latitud. 
deg. min. 


deg. min. 


| Longit. 


deg. min. 
28 
53 


02 
ol 
os 
O1 
ol 
03 
O05 
Sd) 
07 
03 
o1 
of 


- | Longit. 


deg. min. 


36 


o06 18 


TO 
50 
42 
23 29 
36 
50 
18 
56 


| SSSSSSESEAmn." 


Ca _ 
. 
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Cape Langs 
Cape Metopan 
Cape St. Angell 
Cape $aradani 
Cape de Bacwy 
Cape Roſetta 
Cape Bonna 

Tunis 

Cape Falcon 
Cape Trees Forcas 


N 


+4141 


Iſlands in the Streights ; their Names. 


Gallaita 

Cape Pwlo in the Iſland of Sardinia 
Cape Corſica inthe Iſland of Corfica 
Palmorola 

Laempadoſa 

Malta 

Cape Paſſaro in Sicilia 

Marſina 

Corfue 

Cephalonia 

Zant 

The Weft-end of Cendiz 
| The Eaſt end of Candie 

Rhodes 

The Weſt end of Cyprus 

The Eaſt end of the ſame 


4 4++4+4+4++4+ttit+t+tt+t tt +t+i tt 


The Coaſt of Barbary Southwards, and 


Guiney ; their Names. 


Cape Sprat 
Cape Canteene 
Cape Bajador 
Cape Blanco 
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. Cape Verde 
Sire Leone 
Cape de Palmoy 


The Names of Places to the Cape. 


Cape Tres Punilas 

Cape Formoſa 

The North point of Fermando Po 
Iſland Principe 

Iſland Cochas 

land St. Thomas 

Cape L»pus 

Cape Negro 

Cape Sacos 

Cape Bona Eſperanza 


OOO AL ZZCZ 


Iſlands ſcattering, as it were. 


St. Matthews Iſland 

The Iſland of Anne Boxna 
Aſcenſion Iſland 
SN. Helena 

St. Helena Nova 
Ifland de Triftan 


| I WO 


_—w_— 
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The Main Contiment 


in the Eaſt-Indies. 


Cape Laglas 
Cape Corentis 
Cape de Guads 


Cape de Gnardaſin 
Cape Raſulgate 
Surrat | 
Goa 

Cape Comerin 

The South-weſt ſide of Ceylen 
River Bangalle 
Sum 

Viſcbers Point 
Point of Cavelles 
Codea 


-+ +++ +++ + + - PR 


end Latitude of Places. 


36 
OO 
IO 


I4 
o8 
C+ 
Latitud. 
deg.min. 
So 
12 


28 
48 
40 
IO 
OO 


35 
- 


OO 
O2 
56 
Laticud, 
deg.min, 
35 
23 
I5 
II 
22 
ZI 
IS 
O07 
06 
SV -- 
I4 
20 


23 


36 


o0| 


. 
—— — 
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Hands in the Eaſt-Indies. 4:uts | Laangpto | 


leg min. 
"Hland Pracel 10 23] 
Cabile o8 53 
Molignue O9 ©3 
Andaro ts - $6 
The North-weſt point of Sumatrz 05 33 
The North point of Cellebes 02 16 
The middle of Gelola ©O ©O 
Bachian OO O2 
Machian (oſs) 
Motir OO 
St. Jobannss 04 
South point of Borneo 04 
North point of Borneo 07 
Welt end of Mandanne 06 
Anamba 92 
St, Juan o8 
Tendaia 12 
Mandorz 12 
Perigoa O09 
North end of Lacon 18 
The middle of Aynan 9 
South end of Formoſa 21 
North end of Formoſa 28 
 Firando Iſland 33 
Welt end of Fa 34 
North point of op ry 
Cape Patience in 
South-eaſt end of I 
Bantum 
Batavia 
Tinior 
Ceram 
South end of Celebes 
R omeyros 
. Zobn de Lisbon 
Diego Roize 
St. Brandon 
Dalgatins 


mJ 


| — 


© , 
P”—_____________ AC __C_—'TLcM.: 


N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
S 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
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Þ and Latitude of Places. 


Ifands in the North Sea. 


Hoſt Iſland 


Cherry lfland 
South point of Trinity Iſland 
' Gongus ForeJand in Trinity Iſland 


The Sea-coaft of Nova Zembla, and the | Latitud, | Longir. 
White Sea. deg.min, | deg. min. 
Orange Iſland N (78 25178 58iE 
Te Point - N27 44 78 3jE 

Langneſs 74" 55150 123! 
Fretzm Burrough N[72 25162 *' 23)E 
Mawrition's llan N71 24[59 30; E 
Ni63 22142 51/E 
Swel- 


Arch Angel © | ; 
+ Ii 


N! 
N74 30j21 
N 
N 


St. Appalonia' | [20 50|6t 23 
| end of St. Lawrence 25 39155 231]E 
Narth end of St. Laxrence 11 03/60 23j|E 
Boftoſe de India 22 08148 oz|E 
Fobn de Nova 17 22[50 38|E 
—_ Sj12 41153 53|E 
wore S| 11 I9 | 32 33 E 
De'Natal S108 20|55 2$]E 
Coſmolede Sl[O09 4o[59 31|E 
Foha de Nova Sjog 00/67 ogfjE 
De Alinranta S103 56163 23/E 
St. Harmanos S] 03 O02 [71 23 E 
eps Gritioſis $108 03179 43[E 
De Gamo  SJo8 03{[85 28[|E 
PS S105 39186 23/|E 
Appologis S[og 20/88 10/E 
* | Latitud. | Longic, | 
The Coaſt .of Greenland. deg. min. | deg. 4 - 
H Head-land * ' N{79 5$50[14 1$1]E 
lend, the North end N79 ©o[11 2$8[E 
| N 78 32|12 33 E 
N{7s 25[19 23jE 
N78 28 25 20 E 
N 77 oo[2g $53 E 
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Swelgenoſe Switnoff 
Cape Candenoſe 
Fox Noſe 

Cape Grace 

Cape Galant 
Cape Race 

North Cape 

Roſe Wands 

Cats Neſs 

Naze of Norway 


ENANRUSERS 


__ 
4 


IO 


35 
IO 
17 
Io 
49 
25 
OO 


54 
OO 


Gattigat and the Soung. 


The Noding 
Cape Cole 
Faljtorbome 
Gotland 
Burnt Holme 


= 22> 


From the Schaw to Calice. 


The Schaw 
Banenburg 
Holy Land 
The Texel 
The Bril 
Calice 


Izland, and near Scotland. 


Langnefs 

Maze 

Snexp-bill 
Merchants Fere/and 
Whales Back, 

St, Kilds 

Skie Wand 

Lewis We 

Farr Izland:s 
Shqatland 


"+-t++- 
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Laticud, 


deg. min. |'de 


| £2 (73 cx) (7) (21 02 £2) (7) (2) (2 


| 2mEe mr} 


| Om mmm; - 
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end Latitude of Places. 


3-6 Scotland, England, and Ireland I Laticud 
— 4 1 » | Longit, 
adſey Ile | 4ege min. | deg. min. 
thy Seed N52 46]10 58[W 
c of Man N54 42100 
Fair Foreland N1.3+' 25400 Fo W 
Iles of Aron N|55 351902 : 4 
Sline-bead N53 21104 07 W 
Mack Zack N[53 18106 hy ud 
iiefqute N53 $oſ0s 37]W 
Cape Clear | N|52 26107 14|W 
01d bead of King-ſail N51 .16]06 og|W 
The Weſtern Iſlands, and Canas DE |= 
n | Lands, and Canary Iſles. _ Longic, | © 
Ee NT g. min. | deg. min 
ne We ide of Fleores N[40 ooſ27 o7|W 
; tent cf $6 | N 78 = 7 7 w 
» Greor SO[2 
Welt end of Teens | N[39 ©o = = - 
+ 469 9 con N39 03|23 o7 4 
L ao a St. Maries N|35 co[20 : ko 
_ to the Northwards N37 ooſ[zr 30 WW 
owner fofturs N[27 40[14 _ 
L. Eaſt end of Maders N|28 36[|z —_— 
Pitzo Tengriſ | N32 33 = IS 
Tk Fi poine N28 Soltr 57 /w 
The North-caſt-point of Canari 33 © 
Th and po 00m of Canaria N28 5: a 351] W 
Forteventura, the North-caſt fide of it - a= p=1 08 20 W 
The, Eaſt _ cod dams Iſlands. fer LONgif, - 
Eaſt end of Antonio * deg. in, | deg. min 
Whale Brava -— - | N{|1s co — | 
| . Bojna Viſta | N[14+ 40 - 
St. Fago N[15 55 x od 
ror toll _y N|15 ©1]20 yy = 
—_— | * Nj 16 ye 
' America in qþ E—X 2 
Tile St PW <cvargM Seas. Laird, | Lungit, |. 
reiyhts vf Anian = N == min. | cg. mind 
+ I i > 57 ©d 121 37 vw 
Cape 
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Cape Blanco | 4 N] IS 00 
Sir Francis Drak:'s Bay N38 16 
Cape St. Lucas N[23 obs 
Cape de Paſſiv Noo oo 
Truckill: S[04 32 
Ifland Ferando S|33 45 
Port St. Ciprion S143 15 
The Entrance of Magellan Welt S$|53 ©o 
Cape Horn $157 54 
Paince Wiliam's Wand S118 12 
States Land $138 oo 
Green Iſland Slog oo 
Hermones ſl: N[1i5 12 
La Laticud, 

Fhe Main of America. = J_ 

The Streights of Ls Mair S|55. ool, 
The Eaſt Entrance of Magilan S152 20 
Cape Blanco $147 30! 
Cape St. Antonio $136 36 
Cape Fro . S|22 55 

* Cape St. Maria S|35 oof; 
Baia de Tatas Santtos. S{r . 00 
Cape St. Augnſtine. $108. 41 
River Caſipore Nog os 
Surinam Nlogs o6 
Cape Rexo N[22 42 
Cape Florida N25 30 
Cape. Feare- N[3 3 50 
Cape Henry N37 oo 
Cape Anne Nl42 50 
Cape Codd N[ 42 20 
Cape Race N46 36 
Cape Bonna V; ita N 49 1g 
; Ris Latitud, 

- Wands in the Weſt-Indies. - T_ 
Bermnda 132 20 
Barbados y 1 6. 
Deſeade 16 16 
-clntigua. | 16 36 


_ 
wo 

*%J. 
[LS 
O 


"A 
+ 
'v 
Oo 


[SSSEEEESESESEESS 


oO 
Y 
+ 
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Angeilo *. 18 38|55 3o\W 
Barbads _ 17 30154 35jW 
St; Chriftophers 17 3of's5 26} W 
The Eaſt cnd of Hifaniola 18 46164 27|W 
The Welt end of Hifpaniols 18 27172 27|W 
Port Royal in Jamaica 18 18175 27]W 
Cape Antonio on Cubs 22' 03684 11|W 
Great Caimanis is 20179 o7|W 
Tabago is 12155 37|W 
Margarita [11 3oſ60 12/W 
Tartugss j11 28]59 34|W 
Bonire 12 32164 o2|W 
Sante Villa 17, 28478 37|W 
Ganabo 1s 30[85 20j\W 
Cozumal | i9 25135 27|W 
. Tothe Northwards in Hudſon's Bay. | 52 nod-f Longit. | | 

ras it FLUGION $ DAY. = deg. min, deg. min, 

Cape Camas N53 491045 45]W 
Refolietion liland Nj51 oojogr oo] W 
The Kings Foreland N51 501077 07/W 
Queen Anne's Foreland N|53 531978 57|W 
Cape Charles N|5s2 $54[o80 55|W 
North end of Mansfield 1fdand N[62 431087 58] W 
Prince Rupert's River N51 o2Joss 25|W 
Cape Monmonth N|54 42Jo8g 37|W 
Cape Hennereta N[5s 18]ogz 27|W. 
Port Nelſon N58 32104 47|W 
Cape Soutbampton N | 62 301093 I2|W 
Sir Dudly Diggs Cape N175-. 06}074 37|W 
Samnderſon's Town. Nj68 ooſfo58 29|W 
Cape Walfingham N[65 4ofo6r 17|W 
Cape N|62 20[ogr 17] W 
Cape Deſolation 4 61 221047 32[W 
N69 451030 58[W 


a 4 = 
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CHAP. XXIX, 
The Dofirine of Spherical Triangles. 


Of the AﬀeQtions and Nature of Spherical Triangles. 


1* Spherical Triangle is made of three Arches of three great 

ircles that interſe& each- other upon the ſurface of the 

| Sphere 3, arid their Angles are meaſured by the Arch of a 

great Circle deſcribed between the two ſides, whoſe Poles is the angular 
Point. | FE 

2, All great Circles of the Sphere, divides it into two equal parts or 
Hemiſpheres 3 and no fide of a Triangle is ſo great as a Semi-circle, 

3. The three fides of a mts riaugle are leſs than 360 degrees; 
If two ſides of a Spherical Triangle be 180 degrees, the two' Angles at 
the Baſe of that Triangle ſhall be 180 degrees 3 but if the fides A leſs, 
the Angles will be alſo leſs. Ds &* 

4. A right angled Spherical Triangle, hath certainly one right An- 

5, lo aright ne Spherical Triangle, if either of the ſides next 
to the right Angle be a Quadrant, then is the Hypothihuſe a Quadrant 
alſo 3 but if their fides be each leſs than a Quadrant, the Hypothinuſe 
will be ſo too 3, it one of them ſides ſhould be greater than a Quadrant, 
the Hypothinuſe will be fo alſo. | 

6, An oblique Spherical Triangle hath either all the Angles acute 
( and then *tis called an ccxte angled Triangle) or elſe obtuſe, or thirdly, 
obtuſe and acxte, and then *tis called an obtuſe angled Triangle. 

7, If the Angles of a Triangle be all acute, the ſides of that Trian- . 
ple are none of them {o great as « Quadrant, | 

8. Every Spherical Triangle conli!is of hve parts, beſides the Right 
Angle 3 that is, the three ſides, and the two Angles. Now theſe parts 
are thrice of them notcd to be Complements, ny they be them that be 


fatheſt from the Kight Angle 3 md the wikher two, which be next to 
the Right Angle, arc not yoted by titre Coppiuncits, as you may ſee in 
the Triangle-A BD right angicy ar B, 
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The Do&trine of Spherical 
9. Now if avy..two things begin in this 
Triangle; befides the Right Angle, we may 
find the other things, as in right lined Tri- 
angle 3 but here mult be ſeveral things con- 
Gdered. 
10, For theſe ſides being Arches of Cir- * 
cles, are meaſured in degrees, as well as the 
Angles. . ; 
| 11; When .you have found one of the 
Angles, the other is not its Complement 
to go degrees 3 but if you'll find the other, 
you maſt do it diſtin&ly. 
12, To workany Queltion in either right angled or oblique Trian- 
gles, we may lay down this general Axiome. 


D 


General Axiome. 


The Sine of the middle part with Radius, is equal to the Tan- 
gents of the Adjacent Extremes, or to the Sines Comple- 
. ments of the Oppofite- Extremes. 


' 13. Within the bounds of this one Axtiome, will all the Caſes of a 
Spberical Triangle ( but two) fall; and: them are the two laſt Cafes 
in Oblique Triangles. 

14. So, that it a man underſtand but theſe three Lines well, he may 
frame all the Cannons, or work any thing that is to be done 3 and 
therefore it ſhalt be+ my endeavour in every thing -( as 1 go ) to cx- 
plain the Rule. 

15. Pray mind one thing, and that is, That the Right Angle B is 
not counted to part the fides next to it, whereas the other Angles do : 
So that we count BD and BA to joyn, whereas we count BA and 
AD as parted by the Angle between them A and fois BD ard DA 
by the Angle D. | Theſe things premiſed, we come next to explain 
the General Axionre. | | 

Admit in the Triangle ABD, 1 have given me BD, and the Angle 
at. D, to find the fide D A. I mind not yet which is gizen, nor what 


required , but onely that theſe be the three parts: that we have to do 
with: Firſt then, I would know which of theſe is the middle part 3 
and [ believe you'll cafily yield that D is, becauſe DB is one way ncx « 
to it, and D Athe other way. 
Then 1 would know whether it be an adjacent or an oppoſite cy wr 
A 


na. 
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And foraſmuch as BD joyns to D, and D joyins to D A,'( nothing 
being between them ) I conclude it's an Ajacent Extreme, and the An- 
gle at D ( as we noted before ) is the mens” ra | © 2s 

I look upon the General Axiome, and that faith, That the Sine of the 
middle part with Radiusjo equal to the Tangents of the Adjacent Extremer, 
111 therefore call the middle part ſo,” as that I may have the Sine of it, 
and the two Extreams, ſo as to have the Tangents of them's and they'll 
ſtand thus: - Sine Complement D, with Radiws, is equal to Tangent 
Complement D A, wich Tangent DB, in ſhore thus: 7. c. D + Radiws 
is =tot.c. DA | :.DB. 

You may ask why.1 call the middle part Sine Complement, and the 
ſide D A Tang. Comp. when the Rule ſaith, Sine the middle part, and 
Tagent the exſtreme 3 I anſwer, they be Complements alteady ( and 
ſ> they are noted in the Triangle )z and if 1 would have the z. or the 
t. of them, I muſt call them 7, co. or t. co, But the ſides next the Right 
—_— are not noted by their Complements, and therefcre I call DB e. 
to find the Tangent of it. | | 

The Queſtion being brought to this, now mind'what is given, and 
what is reguired, and (et the things down in; their exder, onely taking 
care to ſer the thing required ip the laſt place, ( gbus« } . . 


:. D.B. Thus now if theſe things had been really given and re- 
5.co, D quired in a Triangle, you would have had the required 
t.co.D A $ thing by adding the Logarithms of the firit two together, 
and looking for that ſum , tor it's the Logarithm of the third, caſting 
away Radiws, or the firſt figure on the left hand; as, if it were 19, to 
calt away the 1 from any Sine, and leaving onely the. 9 before the Com- 
ma 3 or if a Tangent, caſtaway the tirlt hgure, if it excced 12, before 
the Point or Comma. | | 

But you may ask whether or no you fhould take the Complement 4- 
rithmetical of the firſt of the given things, as is uſual to avoid ſubſtra- 
&ion. For that, obſerve this General Rule, 


That if the middle part and an Extreme be, given, © am plement A- 
rithmetical of that Extreme, but if the two Extremes be given, t0 


find the middle part, take no Complement Arithmetical at all. 


And under one of theſe two Notions all ©eſtions will fall. 
Secondly, ( in the ſame Triangle ) Admit the Angles at A avd D 
were given, and the fide D A were required; here D A is the middle 


part, and its an Adjacent Extreme : Therefore, 
Ss C0» 
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A #. C0, 
4.0, D A + Radius is =to 8. co. Ao t. co. Dd D 7. eo 
'D #, co. required. 
Now here the two Extremes is given , to find the middle part 3 and 
therefore take no co, an at all. 
Thirdly, Admit D A were given the Angle at A, and AB were rc- 
quired, it's an Adjacent Extreme, and A is the middle part. 


4. C0. A 
3.40. A + Radics is = tO ft, co AD + tA oh. co. A D co. ar. 
t. AB required. 


In this caſe the middle part and an Extreme is given, and therefore I 
take the Compl. Arith. of the given Extreme, 

Fowrthly, If A were given, and the fide AB, and the fide BD, were 
required; this is an Adjacent Extreme: for the Right Angle ( as I 
have faid before ) doth not part the two fides; A B is the middle 


part, 
jAB-.. 
s. AB + Radiis iS=to tr. BD+ t.co. ad. t. C0. C0, rs 
D B required, #- 


Fifthly, If AB and BD were given, and D were required 3 it's an 
Adjacent Extreme, and DB is the middle part. 


t. AB co. ar. 
5. DB + Radics is =to t.co. Dt. B ab BD 
t. co. D 


And theſe be the five Adjacent Extremes. 


Of Oppoſite Extremes. 


b ce an Oppoſite Extreme that hath one of the three things con- 
cerned lying alone 3 ( but mind ) I don't mezn the Right An- 
gle (ha!! part any thing. ; 
Imaz;::c that in the Triangle ABD, I have given the ſide B D, the 
fide D A, 2nd that the Avglc ac A be rcquircd. 
h K k This 


280 The Doftrine of Spherical Triangles. 

This now isan Oppeſite Extreme, and D B is the middle part, becauſe 
it lieth alone, and is equally parted from the other two things, namely 
D A by the Angle D, and A, by the fide A B. I ſay then, 


4. D A co. ar. 


1 DB + Rudin is =t0 «DAÞ1.AF DB 
7. A required. 


Here you may ask why I call the fide D A Sine, when the Rule faith, 
That the Sine of the middle part with Radius, is =to the Sine Comple- 
ment of the Oppoſite Extremes. Now this is an Oppoſite Extreme 
( you'll ay) and AD is one of the Extremesz why then is it called 
Sine 2 | 

I anſwer, AD is noted a Sine Complement 3 and if I call him Size 
Complement, I ſhall take the Sine of him, for he is a Complement already ; 
( the Complement of a Complement is the Size of that Complement) and 
therefore to have the Sine Complement of A D, I call it a Sine. 

Secondly, Let the Angle at D and A be given, and let B A be requi- 
red. Here D lies alone, and therefore is the middle part, and it's ay 
Oppoſite Extreme, | 2 | 

F. C0. 


4.co. D + Radius is = to 3A + 1.A pþ A fe C0. ar. 
| AB 5. required. 


Here I call D 5s. co. to haye the Sine of him ( becauſe he is a Com- 
plement already ) and the others Sine to have the yg. cv. of them, for 
the ſame reaſon. 

Thirdly, Let D A and A Bbe given, and let DB be required. Here 

the kde D A lieth alone ( for we-count the 


T) Right Angle doth not part any thing ) and 
' therefore 1t's an Oppoſite Extreme z and the 
1 A fide that lies alone, is the middle part. 


| SN rconf{-Rodimis =) DA 7.co. 


/ Z \ to 4.c0. A Bj-5.co:p AB 5. co. co. ar. 
E 5 DB DB £5. co. required. 
þ 7 Here I call DB y.co..to find the Sine of 
” B him, becauſe he is a Complement alrcady 3 


( I muſt find the Sine of him, becauſe he is the middle part ) and the 
Rule ſaith,the Sine of the middle part with Radimjs=to the Sine Comple- 
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ment of the Oppoſite Extremes. Then I call the other two x. co. to have 
their #. co. becauſe they be not noted Complements already, and they 
be Extremer. | | 
Foxrthly, Let A be given, B D be given, and let D be required. Here 
the Angle at A is alone, and therefore the middle part, and an Oppo- 
fite Extreme, Then 
fe 0, A 


1:60. A + Radius is== to 1.c0, B Dd 5. DF. BD 
6 : 5. D required, 


Lafily, Let A B and D begiven, and let DA be required. In this 
caſe A B isalone, and fo it's an Oppoſite Extreme, and AB the middle 
pore. | 

s. D co. ar. 

A B+Radius is =to 5.D +1ADF* AB 
4s. DA required. 

- And thus you may frame a Rule to any Queſtion, in either Notion 
of Adjacent or Oppoſite Extremes, But I have found in teaching, the 
hardeſt thing hath been to make them underſtand when they ſhould 
call a thing a 5. 5.c.t, or t-e-. buc co tree you from all miſtakes, obſerve 
this for a Rulc. NA 


: Obſerve. 


Call ne of the frve parts by their names, and you ſhall have 
the Sine or the Tangent of them; call them out of their names, 
and you fhall have the Complement of them. © 


My meaning is thus ; 

The Angle A, the Angle D, and the fide D A, are called Complements : 
call any of them . co. or t. co. and you have the Sine or Tangent of 
them 3 call them Sine or Tangent, ( which. is out of theirnames ) and 
you have the 5.,co. or #.co. of them. | 

In like manner, the ſides that lie next the Right Angle, are not 
noted by their Complements : therefore call them -. 'or't. and you 
have the Sine or Tangent of them ( for that's their names )z and by 
conſequence, call them 5. co. or #. co. when you would: have the Com- 
' Plements of them ( that I call out of their-names. )-: - 

,i:;Fheſe Examples of the ten Extremes, are together thus ; * 
| Kk 2 Adjacent 
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Adjacent Extremes. 
(DBz. 
I. Data. Þ. eo, — DB-+1.oDA 
D A requ. #. co. )\ 
D 3}. co, 
2, Das fo A #.co. v. C0. DAS Rebis tote D-f-te A 
A requ. t. co. 
AD t. co. | 
3. Das I. C0, oy A+ Rad.is =totco AD-I-t.AB 
AB requ.sr, 2 
A t.co 
+ DaSAB Ts Au AB + Rats = 101.99 A 4.BD 
B D requ. t. »3, 
AB t Bs 
5-Das.$BD fo CoD + Rad.is =tot. co D 4-4. BA 
D required, #.co.J | 
Oppoſite Extremes. 
I BD rc. M 
1. Data. LD A 7. $..8D + Rodin is=tor. DA A 
'CArequired 7, ; . 


4 D fs, C0 Z 
2, Pas JA fs $raD4: Radiis == to 1 A + #..c0. AB 
CAB 8. co. requ. 3, ; | 


x D A Fe C0, : 
3. Dee.$h B x. co. Bran DAcbRad is=t0 5.c0- AB + 5.coDB 


'EBD requs. 7. co. 3, | 
A 5. co. : 
+ Dae DBom F- co. A+ Rad. is = to 1.00, BD 7.D 
D required, 5. 
CAB #v4co. , | 
$. Data. D #7. co. $A + Roadie is=to 5. D 4-5.DA 
_ _,MAr d 


Aſter 
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After this manner, you may frame a Rule for any thing, in ſuch: or- 
ger, that you have necd of no other: conſideration to work it, but to 
fet the thing'required in: the third-place, and to take the Complement 
Arithmetical of an Extreme, -if it be given with-the middle part, - bue 
elſe not. | 

Thcſe things premiſed, weare now fitted to work any thing in any 
Triangle, right angled or oblique, except it be when the three fides.of 
an Oblique Triangle be given to find an:Angle, or the three Angles 
. given to find a fide, 'which is the two laſt Caſes of an Oblique Triangle : 
'and therefore we-will next handle the fizteen Caſes of a right angled 
Spherical Triangle. 


CASE rx. 


Latitude -Northerly 50 deg. oo min. Declination Northerly 
17 deg, 47 min. 7 demand the hoar of the Suns Riſing. 


T* the Triangle A DB, the Poles Elevation is'( in this following 
Scheme ) DBz the Complement of the Suns declination is D A 3 


ADBisthe- Angle of the hour from midnlght, whoſe nicaſure is R O 


equal 
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equal to S A, the diſtance from midnight that the Sun traſeth, 'to his 
riling > A B the Suns Azimavh of riſing from the North, whoſe Com- 

| plement to 90 deg. is A Y', the Suns Amplitude of riling from the Eaſt; ; 
. Ais the Angle of the Suns Poſition. 


In the Triangle ABD, then we have given, 


; 0s mM, 
The Poles Elevation-B'D 50 ' ©0 
The Complement of the Suns declination D A_ 72 


13 
- And let the-Angle at-D be -tequired, which is the hour from mid- 
night to the Suns riſing, 
I conſider it's an Adjacent Extreme, and that Di is the middle part. 


5, co, D + Radius, is =tot. DB + t. oo. DA. 


'DB #. 50 dep. oo' Wl 19.0761865 | 
DA #. co. 72 deg. 13 - 9.506156 
ADB 5. co. 67 deg. 32". 9.5823451 


That is ( converted into time ) 4 bo. 30' *; : fo long after mid- 
night it is to the Suns rifing. 

Here I took no co. ar. becauſe the two Extremes was given to find the 
middle part. 


CASE 2. 
The Perpendicular and the Hypothinuſe given, to find the Baſe. 


mM. 
The Complement of the Sugs declination D A 72 13 
The Poles Elevation D B + 50 ©0 
And let the Suns Azimuth from the North be required BA. 

This is an Oppoſite Extreme, becauſe A D is alone 3 and for the ſame 
reaſon it is the middle part, 


In the ſame Triangle repreſented here, let there be given, 
d. 


4. co. A D | Radixs, is = to 5. co, DB 4 5. co. AB. 


s, co, DB 50 deg. 0O', £0. ar s 0.191932 
5. co. D A 72 deg. 13' 9.484895 


1 LAB G3 4638. 9 221 10s BOTAT 


j 
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Thus the Sun riſeth North 61 deg. 38' Eaſterly, or Eaſt 28 deg. 24' 
Northerly, which is his Amplitude. 
I took the co. ar. of the given Extreme, becauſe *twas with the mi4- 


dle part. 


CASE 3. 


The Perpendicular and the Hypothinuſe given, to find the Angle 
at the Baſe. 


Let there be given as before, 


/ 
— — _s rd 27 And let the Angle of Poſition be required. 


This is an Oppoſite Extreme, and D B lieth alone, and is the middle 


part, Say, 
i. DB + Radius, is = to 5. DA + 5. A. 


. +. DA 72 deg. 13), co. ar. 0.021263 
i. DB 50 deg. o0/ 9.884254 
s» A 53 deg. 34 9.905517 


The middle part and an Extreme is given here, and therefore I tale 
the co. ar. of the Extreme... 


CASE 4. 


The Perpendicular, and the Angle at the Perpendicular given, 
to find the Hypothinuſe. 


Admit in the Triangle ADB there be given, 


d. mM. 
The Perpendicular B D ' 5O ©0 
The Angle at the Perpendicular D 67 32 


And let it be required to find D A. 
This is an Adjacent Extreme, and Dis the middle part. 


7, c0, D + Radius, is = to t.co,D At. DB, 
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DB tf. 50 deg. 00), cv. @r- | 9.92381 
D x. co. 67 deg, 32 | 9.58222 
DA #. co. 72 deg. 13' 38 9.50603 


Here the . Compl. Arith. of the given. Extreme is taken, becaule it's 
given with the middle part. 


CASE s. 


The Perpendicular, and the Angle at the Perpendicular viven, 
to ful the Ang/e at the Baſe. ® : 


Let there be given in the Triangle A BD, 


The Angle at D 67 deg. 32/ yo let the Angle at A be re- 
The Perpendicular D B 50 deg. 00! __ 
Here A is alone, and therefore it's an Oppoſite Extreme, *and A is the 


middle part. 
: 5-0, A + Radim, is = to 5. co. D B+ 51.D. 
DB y. co. 50 deg. 00' 9.808067 Here we took no Complement 
D 57. 67 deg. 32" 9:96571% Arith. becauſe the two - 
| X Extremes be given to find 
A #5. &. 53 dig. 34 9:77377 the middle part. 


{ (hall note no farther about the middle pert, and the Complement 
Arithmeticsl ; but bid you mind the Rule. 


CASE 6. 


The Perpendicular, and the Angle at the Perpendicular given, 
to find the Baſe. 


Let there be given, 


" = 
BD 50 oo i. BD + Radixs, is =tot. BA 
D 67 32 -|- t. eo. D. 
Arc let the Baſe B A be required, D t. co. * 
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D f, £0 67 deg. 32's C0, its 0.338349 

DB 5. 50 deg. 00 9.88425 

B Ar. 61 deg. gE-_-4 10.26775 
CASE. 7. 


The Perpendicular, and the Angle at the Baſe given, to \ fd the 
ng at the im moagIres | 


Let there be given, © 


/ 


; d. m. © 
DB 5O- . O00 | - fo Cs A + Radic, is = tO 2.co. 
And = the ay at D be requir. , 
'D B 5. C0. C0» are 50 deg. 00' | | 0.19193 
A 7. co. 53 deg. 34 9477370 
D 5. 67 deg. 32, | \ 996563 
CASE 8. 


The Perpendicular; and the Angle at the Baſe given, to find the 
_ Hypotenuſe. 


Let there be given, 


- 


\ 


& mM. 
HB yo. - Fs One Radius, is =to 5. DA 
rn A, 
And let Fi D be tek | 
i. A 33 deg. 34', co. ar. 0.09435 
_ +.BD 50 deg. o0' = $8425 


0 0.9 \ 


i. DA 72 deg. 30 


"_ Kg 7B, 
<_ \ wv $2 <1 
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PTIDEGT CASE 9g. | 
The peptide and the cngie at the Baſe # gfors, to » fd the 
B EC, 


©, Let there be given, | | 
G0 vi ANI  n og 
DB $5o oo Reg Wager. 
A 33 t = t. ow. A, 
And let A required. 
4 BD#. 50, deg. or. :-. 10,07618 
A t. co, 53 deg. 34 | 9.86815 
AB 7. 61 deg. 38 9:94433 
—_— CASE ro. 


The Baſe and the Perpendicular given, to find the A at the 
Perpendicular. 


”7 - 


.Let there be, given, | | i 
\ T% "Y by x Na. rv GP. 
DB $5o co i. DB 3 Reals. Gadd tot. co, D 
'- Eo +. BA 
And let D be required. 

.B Ar. 61 deg.i 39/, 00, 47. 9473235 

B D-. 50 deg. ” a” _ th 

D #. co. 67 deg. 32 | 9.61660 

CASE 11.” FE 


©, 


The Baſe and Perpendicular given, to 53) the Hypotenuſe. 
Let there be given in the Triangle ABD, 


d. m. 
The Boſs BA 61 38(y. co. DA + Radic, is =to 7. co. 
The Perpendicular BO 50 oo{ BA 5. BD. 
And It D A the Hyper. be requir. AB 
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AB, #;.con AL; er 2 ooo 2 67609 
BD », to, O6a% Oe Oe 052695 


DA ys. « 73d. 13' .. 9.48485 


- oe 


C\ IEA Woe Bo 

” CAS E Is Fs 

The Angle at the 4 and the Fiypotenuſe given, to 
find the Angle at the Baſe, ary 5k 


"Let there be given inithdTriangk ABD, 


d. m.) EY « | 
D 67 32( 5. co, AD + Radius, is © 
DA 72" .132 ; 4 tO. co, D hp F 


And let Arbe re, 
quired, - | 
' Dt. co. 67 deg. 32", co.a? _ 0.38349 
DA xs. co. 72 deg. 13 9.48489 
Atz co. 53 deg 34 _ 9.86838 
CASE 13. 
The Angle at the Perpendicular, and the Hypotenuſe given, to 
| find the Baſe. | , 
Let there be given, 
& ; | 
D 67 32 s. AB + Radius, is 3 tos. DA 
DA - 9:09 7, 
And let A B be required. 
De. 67 deg. -32 996571 
DA 5s. 72 deg. 13' 9.97873 
AB 7. 61 deg. 38' 9494444 ; 


+ 
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CASE 14. 


The Angle at the Perpendicular, and the Fiypotenuſe given, to 
* find the Perpendicular. - : 


Let there be given, 
cf, m. 
The Angle at D 67 32(5.c. D + Radic, is = to t. 6, 
The Hypotenuſe DA #72 130, DA+t. DB. 
And let DB be required. 


D A t.co. 72 deg. 13', co. ar. : 0.49384 


D #. co. 67 deg. 32/ 9.58222 
D Bt. co. 50 deg. 00' 10,07606 
CASE 5. 
The Angles at the Baſe, and Perpendicular given, to find the 
Hypotenuſe. : 
In the Triangle A DB, Let there be given, 
d. m. EN 


D 69. -.39 -- | J. C0. A D-þ Radic, is = to #, C0 
5 $3 34 A+ fs C0. D. 
And kt AD be required. 
_ 67 deg. 32' k 9.617224 
t. co, A 53 deg. 34 =» 
5. co. D A 72 deg. 137 9485375 
+ F C A S E 16. | : 
The Angles given, to find the Perpendicular. | 
" A - 
Let Abe 67 32 | (s. co. A + Radity, is = tO 5. 
And Dbe 53 34 DB +-5. D. 
And let D B be required. 


s, & 


” 
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7. co, A 53 deg 34 9.77370 
" D 67 efs 32', C0s Ar. 0.03428 
s. co, D B 50 deg. 00' 9.80798 


And theſe be the Gixteen Caſes of a right angled Spherical Triangle : 
might be varied ſeveral ways, but this is ſufficient to reſolve any 
thing that ſhall be pat; for it muſt come under one of theſe Caſes, 1 
come now to apply theſe Caſes to the ſolution of ſeveral Problems in 


Aſtronomy. 


But before 1 proceed to their application in Aſtronomical Problemr, 
I will give you a brief Synopſis of all the Canons ( throughout 
all the ſixteen Caſes of Right angled Spherical Triangles ) de- 
duced from the Fundamental AXIO ME : The Canon, A- 
nalogie, or Proportion, being laid down ( for every Caſe ) in 
words at length. 


T. The Baſe, and Angle at the Baſe given ; to find the 


As Radiwe, to the Sine of the Baſe ; | 
I, Perpendiculars Io the Tang. of the Angle at the Baſe, to the Tang, 
of the Perpendicular. 


As Radius, to Sine Comp. the Baſez 
' 2, Angle at the Yoo Sine Angle at the Baſe, to Comp. Sine Angle-at the 
Perpendicular. | h 
As Radius, to Comp. Sine 4ngleat the Baſe 3 
So Comp. Tang, Baſe, to Comp. Tang, Hypotens/e. 


Perpendicular. 


3. Hypotenuſe. 


II. The Perpendicular, and Angle at the Baſe given; to find 
the | 
| (As Comp. Sine Perpendicular, to Radim ; 
' r, Angle at _ Comp. Sine Angle at Baſe, to Sine Angle at the 
Perpendicular. 
As Sine Angle at the Baſe, to Radins ; - 
2, Hypotenuſe. Y $9 Sine Perpendicular, to Sine Hypotenuſe. 
Baſe As Radim, to Comp. Tang. Angle at Baſe ; 
= So Tang, Perpendicular, to Sine of the Baſe. 


Perpendicalar. 


Wi. The 
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IT, The Hypoetenuſe, ayd Angle at the Baſe given; to find 


the 

B. As Reading, to Comp. Sine Angle at the Baſt 1 
F. Bayes So Tang, Hypotenuſe, to Tangent the Baſe, 
2. Perpendicu- bio R adins, to Sine Hypotenuſe 3 

lar. So. Sine Angle at Baſe, to Sine Perpendicular, 

(As Radius, to Comp. Sine Hypotenuſal'» ; 

3. Angle at the 5. Tang, Angle at th 6 
| » Angle at the Baſe, to » Tang. Angle 
Ferpendlenten at the Porpendicalie, | CP oa. 


IV. The Baſe, and Perpendicular given ; .to find the 
As Radius, to Comp. Sine Perpendicular 1 
I. Zpet ene, 350 Comp. Sine Baſe, to Comp. Sine Hypotenuſe. 
As Radius, to Sine of the Baſe 
2. 4ngleat Baſe, 4So Comp. Tang, Perpendicular, to Comp. Tang, An- 
gle at Baſe. 


V. The Baſe, and Hypotenuſe givey, to fnd the 
As Comp. Sine Baſe, to Radius 3 ro 
1. Perpendicular. Jo cn Sine Hypotenuſe, to Comp. Sine Perpendi- 


2. Angle at the 
Baſe. | > 

. Anole at Per- { As Sine Hypotenuſe, to Radims ; 
| Fo. mt 3s Sine of the Baſe, Sine Angle at the Perpendicular. 


As Radius, to Tang, the Baſe 3 
Jo Comp. Tang. Hypotenuſe, to Comp. Sine Angle at 


VI. The Angles at the Baſe, and Perpendicular given, to find 


the 

_ cAs.Sine Angle at the Perpendicular, to Radius; 

I. Papondier So Come. Sine Angle at the Baſe, to Comp. Sine 
Perpendicular. 

As Radims, to Co. Tan. of Angle at the Perpendicular 3 


2, Hypotenuſe, 480 Comp. Tang. the Angle at the to Sine 
_e : 2 . Comp. the Hipmſuts FM 
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þ- CHAP. XXX. 
© The Application of Right Angled Spherical Triangles, 
' to fome Oueſtions or Problems in Aſtronomy. 


PRO B, I. 


Latitude 50 deg. oo min. Northerly, Declination Northerly 
17 deg. 47 min. 7 demand the Suns Amplitude of Riſing or 
Setting, and the difference of Aſcenſion, 


-: Fig. [. | the Scheme R Bb. S, repreſents the Parallel of the 


Suns Declination ; B, the place of the Suns Rifing 3 Bb, 
is the difference of Aſcenſion, equal to DT. - So that in the 
Triangle © A B ( right angled at A). we have given the Angleat ©, 
the Complement of the Latitude 40 deg. 00'3 ( 1t is meaſured by the 
' .,drc DK.) . The'ide AB the Suns Declination, to find the difference of - 
' Mſcenfion A © and B ©, Firlt, for the difference of Aſcenſion. 
This is an Adjacent Extreme, and A ©& is the middle part.. 


r. AVG + Radins, is= tot. A B+ t.co. GS, 


t.AB 17 deg. 47) © ny 9.50615 
t. co. © 40 deg. oof IP 10,07618 
rn: AS 22 deg, 28 9.58233 


.., Which converted into time, is 1 ho. 29' 52” ; ſo much the Sun ri- 

.. ſeth before fix of the Clock. By the knowing of which, ſeveral things 

will be found 3 as, the time of the Sxns Riſing and Setting, the Lingth 

of the Day and Night : For if I ſubſtrat the difference. of Aſcenſion from 

, 6 of the Clock, it gives me the time of the Suns Rifingz if 1 adde it 

" to. 6 bo. it gives me the time of the Swns Setting ( or the length of the 

.. | afternoon 3 ) which doubled, is the Length of the Dayz and that ſub- 
firaQted from 24 hours, gives me the Length of the Night. 


h FY 7 PROB. 
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PAo8. IL. : 
For the Suns Amplitude of Riſing or Setting, we have gives 


AB the Suns Declination, 17 deg. Y7' CT RIE 
D AS Bthe Comp. of the Latit. 40 deg. 00'S a ag. Rags, g = 
: To tind © B the Suns Amplitude of Riſing, © + 7. . 


s.BA 17 deg. 47 9.48489 
5. © 40 deg, O0', co. ar. 0.19193 | 
5. 6B 28 deg. 24 9.67682 | 


Thus the Sun riſethy Eaſt 28 4eg. 24' Northerly 3 you may ſee it's 
| Northerly, by the Scheme, 

And the Amplitude of the Suns Riſing, is very uſcful at Sca, to tind 
the Variation of the Compaſſ : tor ſo much as the Sun riſeth by the Com- 
paſs to the-Northwards, or Eaſtwards of this true Amplitu4: of the 
Sun, ſo much is the Variation of the Compaſs; and you mult reitie 
your Courſe accordingly. 

Now this little Triangle, ( if you mind it ) is made of the Com- 
plcments of that Triangle B DF, which I wrought the Cafes by ; and 
if you ſubliract the things found in this, from thoſe Arches to 90 dey, 
you'll tind the xcmainder 'S to be the lides of thatz as in the Scheme, | 

E D.is the Poles Elevation, DK is the meaſure of the Angle at &, and I 
is the Complement of the Poles Elevation, ; 
BE D is the hour from midnight to the Suns riſing, K A is the mes- 
ſure of that Angle, whoſe Complement to 90 deg. is A &, the diffe- 
rence of Aſcenſich, or the time between fix of the Clock and the Suns 
riſing, | ; 
DB is the Suns Azimnth from the North, B © is the Suns Amplitude 
of riling, and the Complement of that 3 the Angles at B in each Triar- 
gl: a1ecqual; EB is the Complement of the Syns Declination 3 B A is 
the Complement of that ( namely, the Suns Declination, 

I made uſe of the Angle'BE D to lay down the Cafes, becauſe it's 
more vilible, and ſo ſheweth mere plainly.chan any other Triangle in 
the Spherc, I {uppole my Farther made uſe of that Triangle for chat 
xcaſcn, and for the ſake of the other Angles that depend upn it, 
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Latitude 50odeg, oo min. Northerly, Declination Northerly 
17 deg. 47 min. [demand the Suns height at 6 a Clock. 


Z6 © isan Azimnth interſeing the Horizon, and cutting the Pa- - 
rallel of Declination,.in the place where the Sun is at fx of the Clock ; ' 
fo that O 6 is the Suns height at ſix a Clock : and to find it,we have 
in the little Triavgle 6 & O the Angle at the center ©, the Poles Ele- 
vation. It's meaſured by the Arch ED 50 deg. 00/ 

The Szas Declination © 6 17 de: 47' 

It's an Oppoſite Extreme, and O 6 is the middle part. 


5.6 5 O+ Radim, is =tos. 5 64-6 O. 


s. 56 17 dig. 47 9.43489 

5.6 © Q 50 deg. od 9.88425 

s. 60 13 deg. 32' 9.36914 
Let the Latitude be the Angle O& 6 5o deg. o' 
The Szns Declination be © 6 © 17 deg. 47' 


And let the Suns Azimnth be required O& = to61-. 
5.co, © O + Radins, is = tot. G6 þ+t.co60. 


t.co. © 6 17 deg. 47', co. ar. * 9.50615 

5.0, 6 56 O 50 deg. oo 9.88425 

;. © O 14deg. 1;/ 9.39040 
PRoB. IV. 


Latitude Northerly 50 deg. oo min, Declination Northerly 
17deg. 47 min. / demand the Suns height, being due Eaſt 


or WelF. 


EtEXC bea Meridian, cutting the Eaſt and Weſt Azimuth in 

the place where the Sun is when he is over the Eaſt point of the 
Compaſs ( which is at X.) Then in the little Triangle X C G 
( right a (8 at C) you have the Latitude given X & C 50 deg. 00' 
( meaſured by the Arch ZP the Latitude, or EquinoGials diſtance from 
M m | the 


- 
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the Zenith ) and K C the Swns Declination to find X ©, the Sung 
height being over the Eaſt point of the Horizon. 


5. CX + Radin, is =tos.X & 4-5. XbC. 


1.X 5 C 50 deg. 00', co. ar, 0.11574 

1.XC 17 deg. 47 9.48489 

i.X & 23 deg, 30' 9.60063 
PROB, V. 


Latitude 50 deg, 00 min; Northerly , Declination Northerly 
17 deg. 47min. [demand the time of the Suns being due 
Eaſt. | 


JN the Triangle XC 3 let © 5 X be the Latiude 50 deg. oo 
And let C X be the Suns Declination 17 deg. 40' requized C & = 


to 6X, 
4. © C+ Radim,is=tot.co. © 4-1.XO. 
t, C X27 deg. 47' | | 9g00ng 
8X5 C 50 deg. oc 10.0761 
'4. © C 22 deg, 28 | 9.59233 


And this 22 deg. 28' converted/into time, is 1 bo. 29' 52% ; which 
( in this Caſe) to ſix hours, gives. the time of the Suns being 
duc Eaſt, namely 7-be. 29' 52”. 


Pao8sB, VI. 


. Latitude 5odeg. oo min, Nortberly., Declination evtoy 

17 deg. 47 min. I. demand the Suns place in the Ecliptich, 
allow Fa reateft Declination tobe 2.3 dep, 30 min 
April t 36th 16y0. 


Fi this Caſe we have no need of knowing the Latitude, for the find- 

ing the Suns place 3 but in the Triangle & be ( right angled at s) 
we have given, : 

Ss. 2 the Suns greateſt 'D:clination 23 deg. 3o/ 

ab is the preſent Declination 17 deg. 47! 

And & b is required ( the Suns placein the Ecliptick. 


i.bs 
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Tr. b a + Radius, is = to x. b4- 1. ba. 


; 3. ba 17 deg. 47 | 9.48439 
1.4 © b 23 deg. 30', co. ar. 0.39930 


1.4 © 49 deg, 59 9.88419 


Now this 49 deg. 59' divide by 30 deg. and it gives me the de 
of the Sine the Sun is in, becauſe 3& degrees is one Sine. 1268 
I find-it comes to 19 deg. '59' above one Sine 3 fo that he muſt be 
In 19 deg. 59" of ©, | 


PROB. VIL. 


. The Suns greateFt Declination is £3 deg. 30 min. and let the 
Suns preſent Declination be 17 deg. 47 min. 7 demand his 
right Aſcenſion, April the 3oth 1690. . d 


In the Triangle &.b a we have given, 


bas 17 deg. 47'Y 
b3 a 23 deg. 50'd. 8 © + Radius, is =to t-c0.& | tb a. 
And S 4 is required, A » 
t bo" r7:deg. 47” 9:63830 | 
| | #$-c0. & 23 deg. 30 CB 19.50515 
1.8 © 47 deg, 28 936785 
PARosB. VIIL 
Let the greateſt Declination be (.as before ) 2.3 deg. 30 min 
and the Suns in the Ecliptick be 49 deg, 59 min. 7 de- 
mand his preſent Declination: _ 


In the ſame Triangle & b 2 is given, 

"my 49 deg. 59 

nl REFAN 5 b-þ+ Raine, is = to 1: b& 4-7, V, 
Declination. | | 


Mm 32 Sb 
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3. © b 49 deg. 59' . 9.8841 
1a Sb 23 deg. 30 er 


7. ab 17 deg. 40/ 9.48483 


| PRoOB. IX. 
Latitude Northerly 50 deg. '60 min. Declination Northerly 
17.deg. 47 min. / demand the continuance of Twi-light. 


y T's the Opinion of all men, that when the Sun is 18 degrees under 
[| the Horizon, the day breaks. - Admit it ſo here; and let L 18 be 
a Parallel 18 degrees below the Horizon; Z e is a great Circle or A- 
zimuth intesſeQing the Parallel of 18 degrees in the point e: So that 
in the right angled Triangle © e x ( right angled at =») we haye 
given, ; : 
en 13 dep. oo'' | 
eV 140 food en Radics, is=tos.e Gn 45.5; 


to find e L 


ens. 17 deg. o0' '.* * 8-48ogs 


e © nx. 40 deg. O0', co. ar. 0.19193 
Gar. 28 deg. 45' * 9-68191 


And this 26 deg. 59' converted into time, is I be. 4$' neareſt the 
— of Twi-light, but it is 

Note t continuance wi-light it to 
va, _ Q light, equal 


PROB. X. 
To find the time of Day breaking. * 


WE give the ſame Latitude and Declination as before, and find 
by it the continuance of FTwi-light ( as we have done before) 
to be x ho. 48”; this ſubſtrated from the time of the Suns riſing, 
which was found before to be 4 be. 30' 08”, leaves the time of day 
breaking 2 bo. 42' x33 or if you adde it tothe time of the Suns ſetting, 
i gives the tire of T -light ending 09 bo, 17. _—_ 


7 
\þ 
E 


namely at A3 and in the Triangle AB 
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PKRO8B, XI. 
To find the length of the Longeſt day in any Latitude. 
Latitude 50 deg. oo min. Nortberly, Declination Northerly 


2.3 deg 30 min. 7 demand the length of the Longeft tay in 
that Latitude: . 


Fig. .] Conſider that the Longeſt day in the year in any North 
Latitude, is when the Sunis in the Tropick of Cancer 3 and 
that's the reaſon that I give the greateſt Declination Northerly, which 
is upon the xoth of Jane : ſo then in the Scheme Fig. IT. PAB is a 
Meridian, cutting the Horizon in that ro where the Sun riſeth, 
( right angled at B) we 

kave given, 


AB the Suns greateſt Declination 23 deg. 30” 
B Y A the Complement of the Latitude 40 deg. 00/ 
To find BY (=to Ab) the difference of Aſcenſion that: day. 


3.BR A Radice, is =tor.BA|t.co BY A. 


t. BA 23 deg. 30 9:63830 
ft. co. BY A 40 deg. oc - 0.07618 
3.BY 31 deg. 13' 9.71443. 

This 31 deg. 13' converted into time, is 2 bo. and near 5*3 which 
added to 6 hours, gives the length of the Forenoon ho. min. 
BO= toAL o8 o5 
Which doubled, makes the length ofthe day | 16- 10 

PRroB. XIL 


To find the length of the Shorteſt Night. 


| Fe the length of the longeſt day, as before, and ſubſtract that from 


24 hours, and it gives the ſhorteſt Night, It's here 7 bo. 50' 
. PROB, 
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PROB, XIIT. 


Latitude 50 deg. oo min. Northerly, Declination Northerl 
17 deg. 47 min. / demand the length of the fhorteſt day in 
that Latitude. 


Know the ng of the ſhorteſt day is = to the length of the ſhor- 

teſt night, and that was done in the laſt Problem z but admit it was 
pot found, In the Scheme PF D is a Meridian, cutting the Sun at his 
riing when he is in the Tropick of oy os (namely at D) andin 
the Triangle DF ® (right angled at Z) youthave given, « 


D = any wg Complement of the Latitude (whoſe meaſure is OK) 
40 Jeg. 00 | 

F D the ih Declination South&ly 23 deg. 30 ; | 

And = F ( whichis=to 6 D) is required, the difference of Aſ- 


cenfion that day. 

i. E-+ Radic,is = t04.c0, DE F418 D. 
t. ED 23 deg. 30 9.63830 
't.co, D JE 40 deg. oo _ - 007618 
5. ZE 31 deg, 13' 9:71448 


This converted into time, and ſubfirated' from hours, gives the 
length of the Forenoon 3 which doubled, is the length of the ſhorteſt 
day in that Latitude. | 


le. 
FO is to D 6, the length of the Forenoon. Now 55 bo, oo! 


may ſee that is not 6 houts:by F ® ; :therefore-ſubliract 
| = = LR 2 be. 05 
And it leaves the length of the Forenoon 3 : HS. 
_ 2 
Which doubled, is the length of the day. py: - 0 


PROB. 
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PROB, XIV. 


Latitude Northerly- 50 deg. 00 min. Declination Southerly 
17 deg. 47 min. 1 demand the Suns Amplitude of Riſing. 


Fig. "mJy the Scheme Fig,III. in theTriangle CR =,right angled 
| at R, we have given, | 


- The Suns Declination C R 17 deg. 47' 
The Complement of Latitude C = R' 40 deg, oo'f 9,R C + Rad. is 
And the Amplitude of the Suns Riſing = C is re-f - =to 5, C = + 
quired. h 6m, 


1leave the operation of it to your own practice, 


PROB. XY, 


Latitude Northerly. 50.deg; 09 min: Declination Southerly 
17 deg. 47 min. / demand the difference of Aſcenſion. 


N. the ſame Triangle C R &:, we have given R C the Suns Declina- 

tion, and R x C the Complement of the Poles Elevation, to find 
aR=—=toCs, the difference of Aſcenſion. If it were wrought, it. 
would be 22 deg, 28', or. 1 ho. 3o' ( neareſt) and ſo much the Sun 
riſeth after 6 of the Clock. ' | 

Therefore that ſubſirated from 6 hours, leaves the length. of the 
. Forenoon RM = toCB; which doubled, is the lergth of the 


Y3 

That ſubſtraQed from 24 hours, is the length of the night. 

The difference of Aicenſion (in this caſe) added to 6 hours, gives 
the time of the Suns riſing, becauſe *tis after 6 of the Clock. 

The ſame difference of Aſcenſion ſubſtrated from 6 hours, gives the 
time of the Suns ſetting. 

The Suns Azimuth at 6 of the Clockis 6 þ = to 4 =, and inthe 
Triaogle 4 = 6, right angled at 4, we have given 6 = 4 the Latitude, 
and = 6 the Declination, to find 4 ® 3 I leave the operation of it to 
yeur own praQticc. 


_—_ 
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PRoB. X VL. 


Latitude 50 degrees Northerly, Declination Southerly 17 deg... 
47 min. 7 demand the Suns place and Right Aſcenſion, No- 
vember, 1684. 


p &o Suns place in the Ecliptick is in the Southern Signes, becauſe 
his Declination is Southerly, itis© ®; and in the T 
= W ©, right angled at V/, you have the Suns greateſt Declination 
given, © = W 23 deg. 3C', and his preſent Declination © W 17 degs 
47' , whereby you find the Right Aſcenſion in the Southern Signes, as 
before you did the ſame things in the Northern 
The Suns Right Aſcenſion is W =, in the ſame Triangle, andis 
found with the ſame given things that his place is. . | 


PROB. XVII. 


Latitude 50 Northerly, Declination Southerly 17 deg, 
47 min. { demand the time of the Suns being due Eaſt. 


N this caſe the Sun is under the Horizon, when _H_ the Eaſt 

point of it, as at :: ſo that #6 is found in the Triangle ® Xe, 

it being = to X=; and we have tX, and e2 X given, to find it ; 

When it is found, ſubltra&t it from 6 of the Clock, and you have your - 

defirxe. Addeit to 6 hours, and it gives you the time of the Suns being 
duc Weſt. : 


PROB, XVIII. 


Latitude and Declination being as before, I demand the conti- 
nuance of Twi-light. 


Tu continuance of Twi-light is 1 *; fo that in the Triangle 
1m =, right angled at w, we have given, 


wy is required : It's 1 bo, 


Elevation 3 
And I m, the Suns depreſſion below 


1 * m, the Complement of the Poles 
the Horizon, 


PROB. 
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| PROB. XIX. 


Latitude and Declination as before, 1 demand the time of Day 
breaking, and Twi-light ending. 


3 We have before found the time of the Suns riſing to be 7 ho. 30/ 


From which ſubſtra& the continuance of 1 bo. a8 
| Twi-light ( but now found ) mY 
The Remainder is the time of the Days breaking 5 bo. 42' 


| Fer Twi-lizht ending 3 add the continuance of Twi-light, to the 

time of the Suns ſetting, and you have it ( for as much as the Sun 
| gives Light betore he riſeth ) ſo much it will be after he ſets, before 
we loſe his light. 


PROB. XX. 
Latitude Southerly, 50 deg. oo min. Declination Southerly 17 
deg. 47 min. 7demand the Suns Amplitade of Rifing and 
Setting. 


10, TV. He Suns Amplitude of Riſing and Setting is = B, and 
| Fig "e [ you have inthe Tangle =, BA theSuns De- 
clination given, A = B the complement of the Latitude 3 to find B x, 
Iwill only ſhew how things lic in the Scheme,and leave the practice of 

it to the Learner : = B is required. 


( PRoOB. XXI. 


To find the Suns height at Six of the Clock , having the ſame 
things given. . 


| Tx Suns height at the hour of 6, is O 6, and it falls in the right 
| angled Triangle = O 6, wherein you have given O ® b,the La- 
titudez and * 6 the Suns Declination 3. to find O 6. 


PROB. 
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PaOoB. XXIT. 
To find: the Suns Azimuth at Six a-clock. 


He Suns Azimuth at fix of the Clock is 6 S=toR O ©, fo that 
Zi: in the right angled Triangle 6 O =, you have the Suns Declina- 
tion and the Latitude given, to tind O =: the Azimuth at 6 a clock. 


P&OB XXIIL. 
To find the Suns height being due Eaſt or Weſt. 


P | Yar Suns hcight when he is over the Eaſt point of the Compals, is 

* R =, and in the Triangle R 26 ( right angled at þ ) you 
have b = R the Latitude, and R. 6 the Suns Declination given, to find 
the Suns height being Eaſt or Welt = R. 


PRO B, KEV, 
To find the Suns place in the Ecliptick. 
H* place in the Ecliptick is  M, and you have the preſent Decli- 


nation M-L'given.and the greateſt Declination M &: L,to find the: 
Suns place. in the Ecliprick. 


PROB. XXV. 


The Suns right Aſcention is = L in the ſame Triangle given, to 
find the difference of Aſcention. 


He difference of Aſcention'is B 6 = to A w:, and in the Trian- 
Kt gleBA = you have the Suns Declination and the Complement 
of the Latitude given to hind it. 


PROB. XXVLI. 
For the length of the Day and Night. 
Dd the differences of Aſcention to 6 hours and double it, and you 


have the length of the Day, and that ſubſtraQted from 24 hours 
gives the length of the Night. PROB. 
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PROB., XXVIL 
For the time of the Suns Riſing and $2: ting. 


Ubſirac rhe difference of Aſcention 6 Bfrom 6 hours, and the rc- 
mainder is the time of the Suns Riſing 3 add it to 6 hours and it 
gives-the time ot the Suns ſetting, 


PRoB. XX VIII. 
To find the time of the Suns being due Eaſt. 


He time of the _ being dye Eaſt is meaſured from 6 to Y,=to 

b &,and is found in the right angled Triangle = þ R,add it to 6 

hours ( after it is converted into time ) and you have your delire : 

-—— way it from. 6 haurs and it gives the time of -the Suns being: duc 
eſt, 


PROBE. XXIX. 
For the length of the longeſt. Day in the year. 


'Ou muſt conceive the Sun to be in the Tropick of Capricorn , be- 

cauſe you are in a Soxth Latitude; and it is found by the diffe- 

rence of Aſccntion that day, as the longeſt day was found in a North 
Latitude. 

The thortcſt day is the Complement of the longeſt day in that La- 

titude to 24 hours,=to which is the ſhorteſt Night or the ſhortclt Day. 


PAOED AXX. 
The continuance of Twi-linht. 


TisBN, =to © w, and you haveeW :2 /», and e a W, the 
Complement of the Latitude given, in the right angled Triangle 
=W © to find it, 


—_ 
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PROB. XXXIL. 
For the time of Day breaking. 


Opry the continuance of Twi-light from the time of the Suns ri- 


ling ( before found ) and you have it. 
Add the continuance of Twlight, to the time of the Suns ſetting (be- 


fore found) and you have the time of Twi-light ending. Thus much for 
right angled Spherical Triangles. 


. . 


CHAP. XXXL 
' The Do&trine of Oblique Spherical Triangles. 


Or the Reſolution of the firſt two Caſes of an Oblique 
Spherical Triangle, take this for an infallible Rule. 


That the Sine of every Angle of a Spherical Triangle is proportionsl to the 
Sine of bis oppoſite fide 3 or, The Sine of many is proportional to the 
Sine of bis oppoſite Angle. 

So that the work is as caſie ( for theſe two firſt Caſes ) as for the 
ſame Caſes in right lined Oblique Triangles 3 therefore I need ſay no 
more, but come to the Caſes. 


CASE rn. 


Two fides of an Oblique Spherical Triangle, with an Angle of 
poſite to one of them grven, to find the Angle oppoſite fot 


other. 
A Dmit ( in the Scheme following ) that there be given the An- 
le E Z P, which repreſents the. Suns Azimuth from the North 
124i 45' the Complement of the Latitude P Z 40 deg. oo' the 
ement of the Suns Declination EP 72 deg. 13", and it were re- 
quired to find Z E Þ the Angle of the Suns Polition, : 
F 


py 
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I fay then, 


ASEP 5.72 deg. I3' cvs are 0.02126 
Is to E ZP s.(its Comp.to 180 deg. E Z O) 55 deg. 15/ 9.91468 
SoisZ PÞ 5. 40 deg. o0' 9.80806 


ToZEP -s. 33 deg. 41' 9.74400 


CASE 2. 


Two Angles, and a fide oppoſite to one of them given, to find the 
fide oppoſite to the other Angle. | 


In the ſame Triangle let their be given 


PZ 40 deg. o0' 

E 33 deg. 41/FAnd let EP be required. 

OZE 55 deg. 15'). 

I ſay then, 

Ass.ZEP 33 deg. 41' co. ar. 0.25608 
Tos. ZP 40 deg. oo 9.80806 
'Sor.E ZO 55 deg. 15' _. 9.91465 
Tos.EP 72 deg. 13/ 9.97872 


The reaſon of this is plain 3 for if you let fall the Perpendicular Z B 
* from theobtuſe Angle Z, it devides the Triangle into two right angled 
Triangles, namely Z BPand ZBE ; I fay then, that Z B and Radius 
is equal to the 5. co. of ZP and PÞ; becauſe the Perpendicular is the 
middle part 3 atd it is an oppoſite Extreme (in the Triangle Z BP ) 
and this is. proved by the firlt General Axiome, That the Sine of the mid- 
dle part with Radius , is = to the Sine Complemert of the oppoſite Ex- 
fremes. | 
Now the ſame Perpendicular and Radius in the Triangle Z BE is = 
toZPand P, and thereforealſo = to ZE and E, for there it's an op- 
polite Extreme alſo, and in both the Perpendicular is the middle part, 
and fo put with Radiws3 ſo that from hence it's evident that 
ZPandP,is=toZE and E ( the two Extremes in one to 
. the ewo Extreams in the other ) and therefore they are 
proportienal. | So 
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So that as Z Þ the Hypotenyſe in the one 
I; to ZE the Hyputenwſe in the other, 
So is Þ the Angle at the Baſe in the one 
To E the Ang/e.at the Baſe in the other. 

At this rate then, if in one Triangle ( right angled ) you have gi- 
ven any things to find the Perpendicular ;, call them as you would do 
to find that; when you put them in reſpondengy as here it you have 

Yer , 

a ZP and P, to find the Perpendicular Z B, you would ſay 
3.ZB + Ragins, is =to 5. Z P+ 5. P. 

Why then when you put things in xeſpondency, I would (ay, 
As 5.ZP is in proportion to s. Z E The like is to be undcrftood 
So is 5. ZP E in proportion to s.ZE B of any other. 


To avoid thrce Operations, we ſhall ufe this way through cight Ca- 
ſes of an Oblique Trianglc, and only point at the way of work- 
ing by right anglcd Triangles (after the Angle is reduced to two 
right Angler. 


A general Scheme for Latitude 50 deg. oo min. Northerh, 
Declination Northerly 17 deg. 47 min. 


% 


R1 within the Triangle, from 


— — 
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My intent is to uſe the Triangle E Z Þ for the reſolving all the Ca- 
ſes of an Oblique Spherical Triangle 3 in which Z ÞP is the Complc- 
ment of the Poles Elevation, Z E is the Complement of the Suns Al- 
titude, E Z Þ is the Suns Azimuth fromthe Northz Z E Þ is the Suns 
Angle of Polition, E P is the Complement of the Suns Declination, 
EP Z is the hour from Noon. 


Of the eight Caſes of an Oblique Spherical Trian- 
gle, and how to reſolve them either at two or 
three Operations ( which you pleaſe. ) 


By letting fall a Perpendicular from any fide of a Triangle, you di- 
vide it into two Right Angles 3 and to do it for your advantage in 
working, pray obſerve this Caution : 


Let it fall ſo, that in one of the Right Angles Triangles, you may have two 
of the given things entire, and the third ( 4s often as you can) entire in 
the other, or elſe be ſure they be part in one, and part in the other. 


CASE 3. 
Two Sides and the contained Angle given, to find the other 
Angles. 


I? the Triangle ARG .( repreſented in the Scheme preceding, by 


EZP) let there be given, 


The ſtde AG 72 deg. 13' ples G and R, 


The fide A R* 40 deg. 131240 let it be required to find the An- 
The Angle at A-42 deg. 27' 


Let fall the Perpendicular KR 


the Obcuſe Angle at R, and' 
it rdolves the Oblique Trian- 
ge GR A into two Right 
Angles, namely G1R, and 
RIA 
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In the right angled Triangle A IR, I have given, 


d. m, 
The Angle at A 42 270».RI[ + Radic, is =tor RA + 
The fide AR 40 Of: rv. hb 
To find the Perpendicular I R. 


s. A 42 deg. 27' 9.82926 
5s. IR 25 deg. 43' 963732 


Next Pll find I A, with the ſame things given. 
- A 42 deg. '27' - 
Dad 


The Perpendicular R I then is 
25 43' 


i.R A 40 deg. co 9.80806 
C *s 


AR 40 deg. 00'S$r. co. A Radic, =t, AT b+-t.co.AR 


Required I A. 
| #.co. AR 40deg. 00', co. or, 9.92381 
5. co. A. 42 deg, 27' 9:56797 
_ _1n Al 3r deg, 46. 9:79178 
Which ſubſtraRted from A G 72 deg. 13' 
Leaves I G « 40 deg. 27 
Laſtly, For the Angle at G. 
'(RI 25 dep. 43 
Deed T Required G 
CGI 40deg. 27/2) 
#.IR 25 deg. 43', co. ar. 0.31729 
1. IG 40 deg. 27 9.81210 
t,co. G 36 deg. 35" 10.12939 


And thus the Angle at G is found to be 36 de. 35 ( neareſt) by 
reſolving the Triangle into two Right Angles, working by the 
General Axiome. - But there is a nearer way ( as I have hinted, and 
laid down the proportion before ) : for when I have found AI, and 
fo I G, which ſhould have been the firſt things found ( for in this caſe 
of reſpondency we do not find the Perpendicular at allz ) but I con» 


ſider - 


i 


mY 


me 
: 
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fider what I ſhall call A, and AI, in the right angled Triangle AIR, 
_ to find the Perpendicular R I, and the (ame I will call them, to put 
them in reſpondency with I G and G, the Baſe and Angle at the Baſe in 


the Triangle R IG. 
(Al : | 
Data.4 A i.l A-Radimn, is = tot. co. A4-t.1R. 
JO RD T T 
| Il ay then, 
| As s. 1 A the Arch found 31 deg. 46', co. ar, 0.27863 
|. lsto v- I G the ſecond Arch 40 deg. 27/ 9.81210 
_ Solist. co.A 42 deg. 27' 10.03870 
To t. co. G 36 deg. 35' | 10.12943 


- Thus the Angle G is found at two Operations 3 but we ſhall touch 
at both ways, for ſome will like one of theſe ways, and ſome the other, 


Example 2. To find the Angle at R.. 


Admit we have given, as before, 
The fide AR 40 deg. oo' 


"The Angle at A 42 deg. a7 And let G RA be required, 


The fide AG 72 deg. 13" 


In this caſe, *tis the beſt way T ; 3 


fo let fall the Perpendicular $onnenoenny 
| Without the Triangle (as Glis) : 

; for then you have the Oblique 
Triangle reduced into two 


6 Angles, namely GIR F 
at I, 


GI A, both right angled —- 


And in the Triangle GI A, we have given AG 72 deg. 13' 
And the Angle at A ' 42 deg, 27' 
Whereby we may find the Arch A I; 


5, 0, A 4 Radius, is=tob. Ale t.co. A G. 
Oo 


7 
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t.co AG 72 deg. 13', co. ar. 0.49334 
r.co, A 42 dege 27' 9.86797 
' t. AI, 66 deg. 30 10.36131 
If from A Inow found 66 deg. 30 
You ſubltrat AR 40 deg. oo 
The remainder is R I 26 deg. 30 


This done, conlider which will be the reſpondent things to find the 
AngleGR I; and I find that I have Al the Boſe in the Triangle 
GIA, and the Baſe I R in the little Triangle GI R. Allo the Ang 
at the Baſe in the great Triangle (namely A ) reſpondent to the Angl 
at the Baſe in the little Triangle G RI. So that now we'll conſider 
what we ſhall call AI, and the Angle at A ( in the great Triangle ) 
to find the Perpendicular; and I will call them fo, to put them in 


reſpondenſes 


Secondly. 

.cAl 

DaeJA N IA + Radim, is = to t.co Apt. 1G, 
IG 

As s.TA 66 deg. 30 00, ar. 0.03760 
Is tos. RI 26 deg. 30 9.64952 
So ist.co. A 42 deg. 27' 0.03870 
Tot. co. GR I 61 deg. 59' 9.72582 

Thus the Angle GR I is 659 ©09 

Whoſe Complement to i180 oo 

Is GR Athe Angle required 118 01 


But if in the ſecond place you had found the Perpendicular, the þ + 
'in the Triangle GR I we ſhould have had the Perpendicular IG 
given, and thg Baſe I R ( before found ) whereby we may find tht 


Angle GRI.. 


Exanpt 


= G2 = _ 
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Example: Firſt, for the Perpcndical.:y GT. 


s. Al 66 dep. 30' | 9.96239 
t.coe A 42 deg. 27' car. 9.96129 


t, IG 39 deg. 59 9.92368 
Secondly, for the Angle G R 1. | 


GI 39 deg. 59 : 
Dad I 26 deg. 30'pi.R IH Radiusis = torco.GRIS-tGH 
Required GR I 


te Gl _. 39 deg. 59' co. ar. 0.07644 
RI 26 deg. 30 9.64952 
t.co, GRI 61 deg. 59 9.72596 


In the like manner it will fall out, that you may reſolve ( as 1 laid 
before ) all the Caſes but two ( both of right angled and oblique an- 
gled Triangles ) by that one General Axiome. 

The Sine of the middle part with Radius, &c. 

| intend onely to point at the refolving the Caſes at Operations 3 

and to do them onely at two. 


CASE 4. 


7 ” | g ides and their contained Angle given, to find the third 
ide. 


In the Triangle G R A, let there be given as before. 
' RA 4odep. oof 
AG 72 deg. 1 3/F And letthe fide R G be required. 
A 42 deg. 27' 


T1 let fall the Perpendicular from the Angle at R within the Trian- 
gle, and it falls upon the fide G A at 1, and divides the Triangle into 
the two right anglcd Triangles AIRand GI R ; and we have given 
in the Triangle AIR ( Triavgle 1, ) 


+ | Oo 2 The 
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_ = 3 jo Pq - T And let the Arch Al be required. 


7. 0. AJ Radix, is = to t.co AR +1. Al. 


RArt.co, 404d. 00' co.ar. 9.92381 
Ax.co, 42d, 27' 9.86797 


RA x tr 
' Alt. 314,46 9.79178 
From AG 72 deg. 1;/ 


A Subftrat AI 31 deg, 46' 


The remain. is G I 40 deg. 27 


I conſider now, that I A the Baſe in the Triangle IA R is ref 
dent toI G, the Baſe in the Triangle GIR; and that RA is ties. 
dent toGR the thing required : and therefore conſider what I ſhould 
call AR and I A, to tind the Perpendicular, and will call them fo to put 
them in reſpondency. 


= $.c0.T A co. ar. 31 ae 46' 0.07047 
0 5.c0.] G 40 deg. 27' 9.88136 
on = yp © Therefore So 5. co. AR 40 deg, oo' 9.88425 


To s.co, R G 46 deg. 43' 9.83608 


But inſtead of working of it in reſpondency, we might have found 
the Perpendicular in the ſecond place z and then we had I R and IG 
in the Triangle GIR, to have found GR (in the third place:) 
but the working things in reſpondency is better. 


Example 2. 
Admit there be given (in Triangle the ſecond ) 
deg. min. 
RA. ; 40 oof And let it be required 
The ſide R G | 46 43C to find the fide G4 
The Angle at R, namely GRA g18 oo 


b 
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In this caſe I let fall the Perpendicular either from G or A without 
he Triangle, as in this ſecond Triangle, and then in the right anglcd- 
Triangle GI R,I have given, 


GR 46 de. 43' | 
GRI 62 deg. o0o/ © Whercby1 may find the Arcb I R. 
(The Comp. of GR A to 180 4.) 


5.00. R | Radius, is = to t.ce, GR -|-:.R1, 


2.co.G R 46 4.43" co.ar, 0.026039 _, 
5.co, IR G 62 d, 00' g.67160g _ 


ti, RI26 4.30 9.697648 


To RA 40d.oo! 
If you adde the ArchR I 26 4. 30 


G 
The f\umis I RA 66d. 30' 


A. 


{ conſider now that R I the Baſe in the little Triavgle GI R, is 
given me» and its reſpondent is AR I the Baſc in the great Triangle 
GIA, ( which is given me to03) allo G R is given me in the little 
Triangle ( it's the Hypotenuſe ) and reſpondent to G A the Hypote- 
nuſe in the greater Triangle, and the thing required : and therefore I 
conſider what 1 ſhould call I R and R G, to find the Perpendicular 3 
and fo I call them to put them in reſpondency. LE 


Ass.co. IR 26 deg. 30! co.ar, 0.04820 

i.co, RG Is to 5. co.T A 66 deg, 30 9.50069 
C Therefore So is 7. co. GR 46 deg. 43" 9.83607 

$, C0s I R 


Tos. co. GA 72 deg. 13' required 9.48496 


But if you had found the 
Perpendicular ( in the (econd 
place ) then in the third place 
you would have had I A, and 
IG, to have found the ſide re- 
quired G A, in the great Tri- : 
angle GIA. 

In this caſe you might have © A 
let fall the Perpendicwlar, as here In this third Triangle, from the Angle 

at 
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at A, and fo you would have had AR and ARI ( the Complement 
of GRA to 180 deg.) to have found R I ( the Baſe in the little 
TriavglcRIA;) that found, you have it, and R A reſpondents to 
- G, and A Gin the great Triangle, which would have done the Came 
things 


CASE 5. 


Two Sides, with au Angle oppoſite to one of them, given, to find 
the Angle between them. 


Let there be given in the Triangle 3. 


RA deg. 00'v : | | 
The fide G A , n rs - I" let it be requircd to find the 4n- 


The Angle at G 36 deg. 35 gle at A, 
If you let fall the Perpendicular without the Triangle ( _ here in 


the third Triangle ) then you have given in the Triangle G I A (right 
avgled at I ) 


The fide GA 72 deg. 13 


The Angle at G 36 deg. 35 > Whercby we may find the Augle G AT. 


5, co. G A -|- Radirs, is = to taco, Go t. a GAT. 


G t. cc 36 deg. 36' co. ar. 9.87079 
GA 5.'c0. 72 deg. 13' 9.48489 
GAlIr. co. 77 deg. 14 9.35568 

I conſider now, that GA in 

—_—\ the great Triangle is reſpon- 

RL % dentto AR in the little Tri- 


angle ( being both the Hypo- 
tenuſes) and G Al in the 
great Triangle is reſpondent to 
A RAT in the little one. I fee 
G then what I ſhould call G A 
and G AI to find the Perpendicular Al 3 and the ſame I call them, to 
put them in reſpondency. 
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As t. co. GA 72 deg. 13' cour, 0.45384 


.co, GAI [s to t.co. AR 40 deg. 00' 0.07518 
| C Ther So £.co. GAL 77 deg. 14' 9.34435 

t. co. G A hed 
To .co.RAL 34 deg. 47 9491437 

From G Al 77 deg. 14' By reaſon of the negle of the fra- 


Subſtract R Al 34 deg. 47'C Ctions of a minute in cach fide 
— and Angle, this is near one mi- 
The rema. isG AR 42 deg. 27') nute out. 


Example the Second. 
ARS = = P4 a: let the Angle 
The Angle at A, namelyG AR 42 deg. 27') GR A be required, 
In this caſe we let fall the R. 
Perpendicular within, as in the | 
firſt Triangle, and ſo we (hall 
have AR, and the Angle at 
A given ( in the right angled L 
Triargle AIR ) to tind G 4 
ART. 
Pa R po x 27'S co. R A+ Radith, is =tot. wo A+ 
UC RA required, co AR 

ft. co. A 42 deg. 27' co. ar. 9.96129 

$.co. RA 4O deg. oc 9.88425 

t.co ARI 54 deg. 59' 9.84554 


Next, I confider that I have given in the Triangle AIR, the fide 
AR, and AR I, Theſe being reſpondent to R G given in the Tri- 
angle GR I, and GR I the other part of the Angle GR A required; 
I conſider then what I ſhould call AR and IR A, to find the Perpen+ 
dicular RI, and the ſame I call them in refpondency, 
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As t.co. R A 4odeg. oo' cov.ar. 9.923813 
s.co IRA x Is to t.co.R G3 46 deg. 43 9.973960 


Therefore@'So is 5.co. IR A 54 deg. 59/ 9 758771 


t.co, RA 
To x. co. IR G 63 deg. o1' 9.656544 


Put if you had found the Perpendicular, as you might have done 
( in the ſecond place ) then would you have had G R and the Perpen- 
dicwlar, ( in the Triangle GIR ) to have fcoundGR I. 


Add IR G thus found to be. 63 deg. ol' 
To I R A before found to be 54 deg. 56/ 


—— 


And you have GR A the Angle requir'd 118 deg. 00' 


CASE 6. 


Two Sides with an Angle oppofite to one of them given, to find 
the third Side. 


Let the fide A G be as before 72 deg. 1;' 
The fide GR be 46 deg. 43' 
The Angle at A namely R A G be 42 deg. 27' 


And let the fide A R be required. 


Let fall the Perpendicular asin this ſecond Triangle from Gand fo in 
the right angled Triangle AI G 1 have given. 


AG 72 deg. 13'} Whereby I may find the Arch 
A 42 deg.27'F AI. 
5. co A Radius, is =tot. co. AG 4-3.Al- 


tm AG 72 deg. 13' co. ar. 0.49334 
$.co. A 42 deg, 277 9.86797 


t AI 66 deg. 30' 10.36181 
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Now TI given G Athe | 

Hypotenuſe in the great Trian- , 
io cad its Reſpondent GR in £ A ; 

7 the little Triangle; alſo A I F] 

| the Bale in the great Triangle, 
Reſpondent to R I the Baſe in 
the little Triangle, whereby 1 
may find R L,which being done, 
ſubſtraſt it from 1 A, and the 
remainder is R A, the fide required. 


Example, 


I conſider what AG and A 1 muſt be called , to find the Perpendi- 
*/ar, and the ſame I call them to put them in reſpondeney. 


As 5.co. G A 72 deg. 13' ©. at. a 5s 
GA 75.co Is to 5.co.R G 46 deg. 43/ 9.83607 
Al 5. cs, © Therefore So v7. co. A TI 66 deg. 30 9.60069 


| . Tos.coR I 26 deg.zo' 9.95185 


. 

| * | 
From the Arch A I firſt found 66 deg. 30' . 
Subftrz@t I R here found 26 deg. 30 


And you have R A the ſide required 40 deg. o0' 


h 6 Here inſtead of putting things in reſpondency , you might have 
found the Perpendicular in the ſecond place, and ſo you-would have had 
GR and Gl given in the little TriESigle GI R to tind R I, 


Example the Second. 
Let there be given the fide AR 40 4. o00'y Aud let thefFde GR 
The fide A (3 724.1 ;'> be req"'::d ia the 
And let the Aungleat R name- 118 4, 00'3 Þthi-2 {iiangle, 
'yGR A be =>, 


If you it fall rh: Perrendicular from A, as \ i ; thn you have gi- 
venin tizc Triangle AR 1 (right angled act ! + 


. . 


. Pa. The 
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The ſide AR 40 deg. 00'} 
The Angle GRAY , , $ Wherby you may find the Arch IR 
Its co.to 1804, AR F $_ Et? 1 | 
* d. m. 
T $.cwR 62 00 9.671609 
i % t:RA 40 00 9.923813 


RI 21 31 9.595422 


I conſider what A R and. 
R I muſt be called ro find the 
Perpendicular,and fol call them 
to put them in reſpondency, 


As 3.co.AR 40 deg. OO' co, or. 0.11574 
Tos. co. AG 72 deg 13' 9.48489 
Sos.coRT 21 deg. 30 9.96867 
To r.co, IG 68 deg. 14 9.56930 
- FromI G 68 deg. 14 
Subſtra&t I R 21 deg. 31' © 


— — — — 


The remaind.is R G 46 deg. 43' 


Here in the ſecond place inſtead of putting things in reſpondency, 
you might have found the Perpendicular; and then you would have had 
IAand A Gto have found G I in the right angled Triangle G I A. 


© 
CASE 7. 
Two Angles and the Side between them gfven , to find the third 
Angle. : 


Let there be given in the firſt Triangle G R A 


The Angle at A 42 deg. 27' 
. The Angle at R 118 deg. oo' its Comp. to 180 deg.is ART 62 deg. 00 
The tide RA 40 deg. oo 


And let it be required to find the Angle at G. 


To 
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Toreſolve this Queſtion , let fall the Perpendicalar within the Tri- 
angle as you ſce in Triangle firſt and then in the right angled Triangle 


AIR we have given 
o OE ks, 
/ 
_ | - - 27d Whereby we may fnd ARI * 
' | tA 42 deg. 27' 9.96129 
3.0. AR 40 deg. oo 9.88425 
t.co.TRA 54 deg. 59 9.84554 
From 118 deg, of G'RA 
Subſira&t 54 deg. 59g IRA , 


| mm — mw r————_—_— 


The remainder is 63 deg. 01' IR G 


Now you have Aand AR Tin R 
the Triangle AIR given, and they 


are reſpondent to G R. I, and the 
Angle at G , fo that I ſee what I 
mult call A, and AR I, to find L 


the Perpendicular, and the fame I o A 
call them to put them in reſpon* 
dency. 


A | 
Datg. Janu Tovcs Af Rodin is = to's. ARI+.oR1 


1 CRIreq 
_Iſfay then; 
As s.ARI 54 deg. 59' Co. ar. 0.08672 
Is tos. GRI 63 dep. on' 9.94994 
SO ISS. co. A 42 deg. 27” 986797 
To s. co. G 36 deg. 35/ 9.90463 


Here in the ſecond place you might have found the Perpendicular, 
and ſo you would have had R. I and G R I to have found the Angle 
at G (in the right angled Triangle R 1 G ) 


* Pp 2 Example 
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Example the Second. 


AG 72 deg. 13/ 
Pat ' 42 deg. 27/FRopuied GR A » 
v 0G 36 deg. 35') 


T To reſolve this Queſtion, you 
an*"%, may let fall the Perpendicular ci- 
ther from A or G;it's indifferent 

which, ( but here we uſe it as. 

let fall from A ) and in the 

' Triangle A Gl we have given 


'A AG do find GAL 


:.G 36 deg. 35" 9.87052 
r.co. GA 72 deg. 13 9.43489 


t.co GAIT 77 deg. 14 9.35541 


From GAT 77 deg. 14/'. 
Subſtrat G AR 42 deg. 27' 


The remainder is R AI 34 deg. 47 


So that now we have G and G All in the Triangle GI A given; 
and they are reſpondent to R Al ( given in the little Triangle ) and. 
the required Angle ( its Complement to 180 deg, oo' A RI. 


We may ſay then, 


As 3. GAl 77 deg. 14' c. ar. | 0.01090 
Is tos. RAI 34 deg. 47 | 9.75623 
So is 5. co, G 36 deg.. 35 9:90471 


To 57..co. AR | 61 deg., 59 9.67184 


We might.have found the Perpendicnlar in the-ſecond place, and ſo 
we ſhould have had 1 A and R Al to have found A RI the Angle re- 


i Tri ARI) 
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CASES. 


Two Angles and the Side between them given to find one of the 6- 
ther Sides. 


Let there be given in the Triangle G R. A 


S. ® The Angie at R 118 dg. of 
The Angle at A 42 deg. 27' 
The fidcAR 40 deg. oof 

'F* And let R G be required. 


Here let fall- the Perpendicu- 
lar fromR,and then in theTri- G 
angle A RI (right angled at 
| ) we have given AR and 
the Angle at A, whereby we may find the Angle IR A. 


5.co. RA + Rodin, is = tOt.co. Aj t.cTRA. 


tA 42 deg. 27' 9.961291 
1. AR 40 deg. od 9.884254 
eco. IRA 54 deg. 59 * 9.845545 
From GR A 118 deg, oof 


Subſtrat I R A now found 54 deg- 59/ 
And the remainder is I R G 63 deg, oln' 


| Now we have Given AR and R A, in the Triangle AIR, which 

S ® is reſpondent to IRG ( given in the Triangle ) and R G required : 

| I confider what I mult call AR and IR A, to tind the Perpendicular-: 
and the ſame I call them to pat them in reſpondency. 


As 1.co. IR A 54 deg. 59' co.ar. 0.24122 
hc RA Irhercfored 15 02 cod R G 63 deg, o1' 9.65676 
11R A cITICY & is 2. co. A R 40 deg. od I0.07618 


To#. co. RG 46 deg. 43/ 9.97416 | 
£. 
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But in the ſecond place, with AR and IR A, you might have 
found the Perpendicularz and ſo you would have had R 1l and GRI 
in that Triavg|e, to have found R G required. 


Example the Second. 


Let there be given, as before, 


The Angle at R, namely GR A 1184.00! Its Comp. to 180 4, is 
The Angle ARI 62 deg. 00 bo 
RA 40 deg. 00'F And let A G be required, 
GAR 42 deg. 27'9, | 


In this Caſe, let fall the Perpendicular without the Triangle from 
'A, and (o in the right angled Triangle A RI, we have given, 


d. m. 
AR 40 ool r.o R A+ Radius, is= to t. co. 
ARI 62 oof IRA+:toRATI. 
To find R Al. 


tIRA 62400 0.27432 
sc0.R A 40d. oo 9.88425 


- — c{— 


t.co.R AT 34 d4g6'* 10.15857 


To the Ang-givenG AR 42 4. 27! 
I add this Angle found 34 4.46 


& , And it makes the FIT 
A anelaG F 71799 


\, 
% 
7 
\! 


G 


We have now in the Triangle R AI (right angled at I ) the fide 
R A, and R AI given which things are reſpondent to the given 4r- 
gle G AI, and the required fide G A (in the Triangle GIA; ) Icon- 
fider what R A and R Al mult be called, to find the Perpendicular, 
and ſo I call them to put them in reſpondency. 


As 5.co. RAT 34 deg. 46' coar. 0.08540 
tc RAY Is to 5.co. TAG 77 deg. 13' 9434491 
C Theor So is t.co. RA 40 deg. 00' 10.07618 
#-co.R Al 


[7 III Wren 


- 


To t.co. AG 72 deg. 13' 950649 


» "%e | 
The Defirine of Oblique Spherical Triangles. 295 


If you have a mind, you may-( in this ſecond lace) find the Per- 
pendicular, with R A and RAI given in the Thangic RAI 4 _ 
, '. then with the Perpendicular given, and TAG / in that great Trian- 

ge) you may find ( at the third Operation ) the ſide G A required 
—_ --* , 


CASE 9g. 


Two Angles, and a Side oppoſite to one of them given; to find 
the Side between then. 


Let there be given the Angle 
at G, and the Angle at A, and | i 
the Side RA; and let the 
Side G A be required. L A 
G is 36d. 35' 
A is ap 27/$GA irequ G 'A 
RAis 404, oc' 


- 


Tet fall the Perpendicular within the Triangle from R, and ſo in the 
Triangle AI R, we have given, 


AR 40 deg, 00 t#. 9.92381 

- 42 deg. 27' 5.0. 9.86797 

Al . 31 deg. 46' 2.0 9.79178 
. I fee what I muſt call A and JA, toput them in reſpondency with 

G and G L 4 ; 

As t.co. A 42 deg. 27' 9.96129 
no Tot.co.G 36 dep. 35' 10.12947 
4" F Therefore So s. Al 31 deg. 46' 9-72 136 
Tos.IG 40 deg. 27' 9.81212 

Adde 1G here found | 40 deg. 27' 

To AI before found 31 deg, 46' 


The ſum is G A the ſide required 72 deg. 13 


Example 


wo 
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Example 2, 
Let the 4ngle G be given, as before, tobe 36 deg. 35 
The Angle at R (its Compl. to 180 deg. AR I) be 62 deg. oo 
The Side G A 72 deg. 13' 


And lct the Side G R. be required. 


Firſt, for the XFreb G 1. 


GA 5.co.G + R 
Dee$G C iS==tf0 f.c0, 
GI requ. 3, GA-+:.GI 


t.GA 724.13' 0.49384 
A 7T.co.G 364d. 35' 9.90471 


-t, GI 684. 14 10:39855 


*% 


I conſider now I have I G A given, and GI in the great Triangle 
G1 A, that are reſpondent to the given Angle ARI, and RI. 
Conſider what you muſt call G I and G, to find the Perpendicu- 
lar. 
Ast. AGI 36 deg. 35' 9.87052 
Tot.co. ART 62 deg. oc 9.72567 
Sos .Gl, 68 deg. 14 © 9.96787 


Tos.RI 21 deg. 31 9.56406 


This I R 21 deg. 31/ 
Subſtrat from GI 68 deg. 14 


Leaves G R 46 deg. 43 


Thus the rcquircd Side is, 46 deg. 43' 


x 
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CASE 710. 


Two Angles, aud a Side oppoſite to one of them, given ; to find 
the third Angle. 


Let there be given, 
The Argle at A 42 deg. 27' 


The Argle at G 36 deg. 35' 
The Side GR 46 dep. 43 A 
I demand the Angle G R A, 
Here ThaveGR and G gj- I 
ven me, ( in the right angled © A 
Triangle GIR ) whereby I 
may find GR L 
| t. G 36 deg. 35' 9.87052 
«.co. GR 46 a 43" 9.83607 
t.co GRI 63 deg. 02/ 9.70659 
Next, for the Angle I R A. 
As 7. co, G 36 deg. 35” co. ar. 0.09528 
To 5. co. A 42 deg, 27' 9.86797 
Sos, GRE 63 deg. 02/ 9.95000 
Tos.IRA 54 deg. 59' 9.91325 
This Angle TR A , 54 deg. 59/ 
Added to the Angle GR I 63 deg. 02/ 


Makes the Angle required G R A I 18 deg. on' 


Theſe be the Eight Caſes of a Spherical Triangle, which are reſolved 
by letting fall the Perpendicular from ſome one Angle thereof. There 
be two Caſes more, which may be reſolved by letting fall a Perpendi- 
cular; and not onely that way, but ſeveral other ways, as is largely 
and very plainly d.monſiratcd in my Father's Book, called The Dottrine 
of Triangles. 1 think wothing of fo high a nature cav be plainer de- 
monſhated, than the reaſon of the Rele it (elf, I refer the Reader to 


* Q q tha: 
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that for variety, and ſhall onely uſe one of them ways as a choice way 
to mez though to others the reſt may ſeem as plain, and indeed 


are. of 


CASE 11. 
The three Sides of a Triangle given, to find an Angle. 
Ake half the difference between the two ſides that contain the A4n- 
gle you look for, and adde it to half the other ſide ( which muſt 


be oppoſite to that Angle 3) and likewiſe ſubſtraQ it from the ſame, 
noting the Sum and Remainder, 


Then, this is the RULE 


To the Complements Arithmetical of the Sines of the Sides that ; 


contain the required Angle, adde the Sines of the Sum and 
Remainder ( before noted) and the op 4 f that Sun or Total, 
ſhall be the Artificial Sine of half the Angle required. 


Example, in the Triangle GR A. 


Let there be given in the Tri 
x gle G RA ron 
RG 46d. 43'y And let the 
AR 40 4& 00's Angle A be 
A AG 72 4. 13') required. 
G 
AG is Y 72 dig. 13' 
R A is | 40 deg. oo 
Their difference 32 deg. 13' 
The © difference is 16 deg. &'; R 
m. 
GR oppoſite to A, is 46 deg. 43' the half of it is 23 215 
The half diffcrence being added, ; difference 16 06 } 
Gives the ſum; . ſum 39 27 


Subſtrated, it leaves for the remainder, remainder o7 15 


| 
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Dt d. m. 

RA -L. 40 OO C0 &rs 0.19193 

GA 5s. To C0. are 0.02126 

Sum 5, — 9.80305 

Remainder #5. O7 15 9.10105 

Total 19.11729 

: As 21 deg. 13" g; p Total 9.55864 

Doubled is 42 deg. 27” The Angle at A required. 
Example the Second. 


Fig. I. A Dmit in the Triangle G A R, in this Scheme following, - 
we have given, 


d. m. 
_ AR the Complement of the Latitude 40 OO 
R G the Complement of the Suns height 79 ©0 


AG the Complement of the Suns Declination 99 10 
An4 let the' Angle at A (which is the hour from Noon) be required. 


In this caſe, one of the fides, namely G A, is above go deg, But I 
would have you remember that the Sine of an Angle above go deg. 
is alſo the Sine of an Angle as much leſs than godegrees 3 and fo 
when you would take the Sine of 99 deg. 10' here given,take the Sine 
of 80 deg. 50'z which is as much leſs than go degrees,as 99 deg. 10' 


is more. 
d. m. 
The fide AG is 99 10 
The fide ARis 40 oo d. mM. 
GR is 79 ©0 
The differenceis 59 10 , 


The half of GR is 39 30 
The half difference is 29 35 
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d. ms. d. ”, 


GR 29 30JRA 49 00 C0. are 5. ' OI919 
* Difference 29 35(AG 9 IO C0, af. S+ ©0055 
Sum 69 os (Sum | 9 05 5. 9.97039 
Remainder o9 55 Remainder 09 35 5, 923607 


z 19.40397 
The half of A is 30 deg. 13' 7 9.70198 
2 | 


i 


Which doubled,is A 60 deg. 27 


] am the willinger to do Examples of this nature, becauſe *tis ſo 
uſeful at Sea for tinding the Variation of the Compaſs, as I ſhall ſhew 
at large, when 1 come to the Application of it to Atironomy, where 1 
purpoſe to vary this Caſe. 


CASE nn. | 
The three Angles of an Obligue Spherical Triangle given, to find 
the Sides. 


A” in the Triangle ( here following ) there be given, 


PA 

The Angleat A 36 35) | 7 

. The Angle at B 218 61 And let the ſide B Dbe required, 
The Angle at D 42 27) 


'B It we convert the Angles 

into Sides, and the Sides into 

Anzles, we may do this as we 

did thc laſt, ob erving the 

ſame Rule for the ſolution of 

A D them; onely taking the 

* Complem.at of the greateſi 
Angle to 180 degrees, inſtcad of the Anglc it felt. 

Take half the difference of the rwo Angles, between which is the 


fide required. 
And adde that to half the Angle oppoſite to that ſide, and es 


it fromit, noting the ſam and remainder. 
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Then this is the RULE. 


To the Complements Arithmetical of the Sines of them two An- 

gles joyning to the Side __ , if you adde the Sines of the 
| Sfreſed ſum and remainder, the half of that ſum or total is 
the Sine of half the Side required. 


| Example. 
d, m. 
The Angle at B, its Complement to 180 deg, is 61 59 
| The Angle at Dis | 42 27 
| The difference between the Angles is 19 32 * 
The half difference is 9 46 | 


| Half the Angle at Ais 18 17% 


Sum 28 633 


acc re 2 — CEE 


Remainder o8 31 


s B G1 deg. 59" C0. ar. ©.05413 
ts. D 42 deg. 27' C0. ars 0.17073 

s. The ſum 28 deg. 03/ 9.67243 

| &, The remainder 08 deg. 31 9.17054 
Sum 19.06783 

;. Half DB 20 deg. 0 . Half fum 9.33391 


Doubled, it's DB 40 deg. oo required, 


I might have ſhewed the ſeveral Queſtions that would be framed 
from one Oblique Triangle, which are 60 in all ; but wy Father hath 
pointed to them as he goes along, in the Dodtrine of the Sphere, and 
they all come under theſe Rules that I have laid down : fo that there | 
can be no Caſe of either right angled Spherical Triangles, or Qblique 3 
but you are fitted readily to reſolve it. .I-will do a little in Qxadran- 
zal Triangles, and fo proceed to the Application of all theſe : Firſt, in 
Aſtronomy, and then in Sailing by a Great Circle, 


CHAP, 


The Doftrine of Spherical 
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CHAP. XXXIL 
Of Quadrantal Triangles. 


If a Triangle have one or more of its fides 90 degrees or « Quadrant, it's 
called a Quadrantal Triangle. 


: - A Sin the Scheme going the Triangle A R Bis aquadran- 
F Ig Il. A tal Triangle, bong e the fide AR is > Quad, 

And as in a right angled Triangle there be five things conſiderable 
beſides the right Angle; ſo ina quadrantal there be five things conſide- 
rable beſides the quadrantal fide 3 and theſe five things are three of 
them noted to b2 Complements, ( namely them three ) that lic 
fartheſt from the quadrantal fide 3 the other two things that 
lie next the quadrantal fide are not noted by their Complements; 
juſt as it is from a right Angle in a right angled Triangle; ſo it is 
from a quadrantal fide in a quadrantal Triangle, and in every kind fo 
to be accounted. 

Then you may note that the Angle at A and the Angle at R arenot 
parted by the fide A R, no more than the fide ALand LB is parted 
by the right Angle L, ( in that right angled Triangle BL A ) but all 
things to correlpond from the quadrantal fide in this Triangle, as they 
do from the right Angle in a right angled Triangle: Theſe things pre- 
miſed we'll depend upon the Rule or Axiome, and proceed to Ex- 
ample. 

The Sine of the middle part with Radius , is equal to the Tangents of 
the adjacent Extremes, or to the Sines Complement of -the Oppoſite Ex- 
fremes. 


CASE. 


The two Angles next the Quadrantal Side given, to find either of 
the other two Sides. 


In the quadrantal Triangle AR B ( the quadrantal fide is A R ) 


Let there be given the Angle at A the Suns Poſitiony 
between the Pole and the Zenich at his riſing ( ow 36 deg. 26 
Complement of L AB to 90 deg. ) 


The 
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| The Angle at R (namely ARB) the Suns Azimuth of riſing = 
to AL 61 deg. 38', and let B A the Suns Declination Complement be 


required, 


I conſider here ( that if A R do not part them ) then *tis an adja- 
cent Extreme, and A is the middle parr. 


i. A+ Radiuw,is = tot. Ro t. co, AB, 


t. R 61 deg, 38' co. ar. 9.93235 
r. A 36 deg. 26" 9.77370 
f, C0s A B 72 deg. 13 9.50605 ; 


And thus the Compliment of the Suns Declination is the ſame that 
it was ip the right angled Triangle A LB. 


Note, that the parts of this quadrantal Triangle are the Complc- 
ments of the right angled Triangle that | wrought thoſe Cafes of a 
right angled Triangle by, except AB C which is a fide of that and of 
this too } and ARB, which is = toAL in thatz for RB is the 
Complement of BL to go deg. and ABR is the Complement of 
ABL to ito deg.and R A Bis the Complement of L A B to go deg. 
and though AB R be above an Angle of 90 deg. *tis but uſing its 
Complement to 180 deg. ( which is A BL as though it were the real 
Angle it (elf; and the reaſon of it is, becauſe an Angle leſs than go deg. 
hath the ſame Sine or Tavgent that an Angle as much greater ( as we 
have ſhewed before ) ſo that in all reſpe&s we may work from the 
quadrantal fide here R A as we did from the right Angle there. 

L intend onely to ſhew one Example in an Oppoſite Extreme and 
_ the other 14 Caſes of a Quadrantal Triangle to your own pra=- 

Ce 


CASE 2. 


A Side and the Angle oppoſite to the Quadrantal Side being gi- 
ven, to find one of the other pen my 


Io the Triangle A BR let there be given 
The Suns Complement of Declination A B 72 deg. 13/ 
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The hour of the Suns riſing from 12 of the Clock at Noon A BR 
112 deg, 28; ( ( its Complement to 180 deg. is 67 deg. 32' ) 
And let the Suns Azimmth of ring A RB be required. 


AB 72 deg. x 
Dan SA BR 15 Kgr 4 2 P, R4-Redis =to +BADS-18 


AR Bis required. 
BA 72 deg. 13 9:9787z 
1. ABR 67 deg. 32' (Its Complement to 180 deg, ) 9.96571 
s. ARB G1 deg. 38' 9:94444 


And thus the Suns Azimxth of riſing is found with the fame caſe as 
in the right Ch Triavgle 0 LB. + 

ur then the RE is alſo the Complement of this 
Angle found to go _ nb 38 deg. 22' ; becauſe I would 
bebiet I leave theſe things to your own prafice,a nd come next to the 
application of this Do&rine of Trianglcs both in Aſtronomy and Sai- 
ling by the Areb of a great Circle. 


— 


. CHAP. XX XIII. ; 
Oblique Spherical Triangles applied to ſome Queſtions 

in Aſtronomy. 

L Fig. HE'F'© abreviate the applicatory part of Qblique Spherica) 


Triangles, 1 uſed this xcal Triangle of the Sphear 
ARG, wherein (as I then noted ) 


AR repreſents the Complement of the Latitude. 
- Arie Hour from Noon. 

C the Angle of the.Suns Poſition. 

A G the Complement of the Suns Declination, 

G R the Complement of the Suns. Height. 

GR A the'Suns Azimuth from the Noxth. - 


QUEST. 


\ Applied to Aſtronomy. og 


QUEST. 'r. 


Admit T be in the Latitude of 50 deg, oo min. North, and at 
9 ho. tomin. 12 ſec. ix the Forenoon I would know the Suns 
Azimuth from the Eaſt-point of the Horizon , allowing the 
Suns Declination to be Northerly 17 deg, 47 min. 


Subſtra& the hour 9 ho. 10 12” from 12 hours, and ſo I have 2 ho. 

49' 48”; which converted into Degrees and Minutes pf a Degree, 
is the Angle at A 42 deg. 27' and I have the Complement of the 
Suns Declination given A G 72deg. 13', and the Complement of the 
Latitude AR 40 deg. o0'. 


To find the Angle G R A the Suns Azimuth | 
From the North, and conſequently from the Eaſt or Welt. 


This very Queſtion is reſolved in the third Caſe of Oblique Trian- 
gles, Example the ſecond, lock there and you may be ſatished how to 
attain your delire : 


ItisSGRA 118 deg. 00 
From which if you ſubſtrat AR C | . $0 deg, O& 


The remainder is the Suns Azimuth from the Eaſt 


Southerly GR C which was required. 28 deg. o0' 


QUEST. 2. 


Admit the Suns Declination be Northerly 17 deg. 47 min. the 
Latitude I am in be 50 deg, oo min. Northerly , and the 
hour from Noon be 42 deg. 2.7 min. 1 demand the Angle of 
the Suns Poſition with the Zenith and the North Pole. 


d. m, 
| han Queltion we have given the Angle at A 42 27 
The fide AR, which is the Comp. of the Latitude 40 (oſs) 


The Suns Declination Complement G A 72 13 


And the Angle rcquired is G the Angle of the Suns Poſition; 
R rx Here 
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Here is two ſides, and a contained Angle given , to find an Angle : 
and you have the queſtion reſolved in the firſt Example in the third 


Caſe: It is 36 deg. 35 min. 


QUEST. 3. 

Let the Complement of the Suns Declination be 72 deg, 13 
min. Northerly, the Latitude be 50 deg. oo min. Norther- 
ly, the hour + ain Noon be 42 deg. 27 min. I demand the 
$, uns height. 


d. m. 
Here is given the Angle at A | - = 
The fide G A, 72-23 


The Complement of the Latitude, whichis AR 4o oo 
And R G the Complement of the Suns height is required. 


R : That is two ſides, and the 
contained Angle given, to find 
the-third fidez and you will 
ſee the ſame Queſtion wrought 

A in the fourth Caſez the Come 

plement of the Suns height 

| GR is 46 deg. 43' the Suns 

height then is the Complement of that to go deg. in the Scheme 
F G 43 deg. 17". 


Aﬀer this manner one may make Tables of the Suns _ for 
every Hour and Minute of the day 3 for the making of Dyals and 


Quadrants. 
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QUEST. 4. 


Admit I were in the Latitude of 50 deg. oo min. Northerly, 
and obſerved the Suns height to be 43 deg. 17 min. at the 
fame time ( if his Azimuth from the North be 118 deg.) 7 
demand his Declination. 


Ubſtrat 50 deg. 0o' from 50 deg. and (oT have jo | 
Sg AR the Complement of the Latitude 40 deg. 00 
”_ a” at R, is the Suns Azimuth trom NM x i: as 
And if you ſubfiraQt the Suns Altitude 43 deg. 17' 


from 90 deg. you have G R 45 dege 43) 


. And G A, the Complement of the Suns Declination is required. 


You may ſee this Queſtion reſolved in the ſecond Example of the 
third Caſe, and the Complement of the Suns Declination is 72 deg. 1 ;' 
G A, which ſubltra&ed from A X in the Scheme, leaves the Suns D-- 
clination X G 17 deg. 47”. 


QUEST. 5. 


Admit 1 am in the Latitude of 5D deg, 00 min. North Lati- 
tude, and the Suns Declination Northerly be 17 deg, 
min. 7 demand the hour of the Hay, ( provided the Comple- 
ment of the Suns Altitude be 46 deg. 43 min. ) 


d. 


. Ih 
The Complement of the Latitude is A R 40 00 
The Complement of the Suns Declination is A G 7213 
The Complement of the Suns Altitude is G R 46 43 


GThe hour from Noon or Angle at A is required. 


This Queſtion is reſolved under the Eleventh Caſe, and it is A 
42 deg. 27' ; after this manner you may find the hour of the day 
" - Rr 2 for 
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for every height of the Sun , it is here converted into time 2 ho, 49/ 
48” before 12 of the Clock, which is 9 of the Clock 10' 12”, In 
the ſame caſe you may with the ſame thipgs given find the Sung 
Azimnuth at that time. And in the ſame manner, with the ſame things, 
you may find the Suns Angle of Poſition, I will! do an Example of 
it here, to find the Suns Azimath, becauſc *tis of gicat uſe for the fins 
ding the Variation of the Compaſs. 


QUEST. 6. 


Admit the Suns Almicanther, or height above the Horizon, be 
43 deg. 17 min. its Complement 46 deg. 43 min. the Com- 
plement of the Suns Declination be 72.deg. 13 min. the La» | 
titude that I am in be 50 deg. 00 min. 1 demand the Suns | 
Azimuth from the North, : 


| d. me 
CGR the Complement of the Suns height 46 43 
Dae. $G A the Complement of the Suns Declination 72 13 
CA R the Complement of the Latitude 40 ©0 
I demand the Suns Azimwtbfrom the North R. 
The fide-A R is 40 deg. oo" 
The fide R G is 46 deg. 43" 
Their difference is * 06 deg. 43" 
Half their difference is 3 deg. 21' 30” 
Half G Ais 36 deg. 06' 30” 
Adde the half difference 03 deg. 21' 3o' 
The Sum is 39 deg. 28' oo” | 
The remainder is 32 deg. 45' oo" 


® 
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; d. M. 
r:RA 40 OO C0. 4rs — 
s. GR 46 43 C0.4r. 0.1378 
3. the Sum | 39 28 9.80320 
s. the Remainder 32 45 | 9.73317 
Halfthe Angle required is half 19.386618 
Vhich is 59 deg. 00 9.93309 


So that this 59 deg. 00' doubled, is 118 deg. 00” the Angle at R re- 
quired, * 


Thus the Suns Azimmth may be found at any time of the day by ob- 
ſerving his height, which is uſed very much going to the Eaſt-Indies, 
and ſome times to other parts, as at the Weſtern Iſlands, Greenland, 
\&. - 

If in the Queſtion preceding, you would know the Suns Azimuth 
from the Eaſt, *tis but ſubſtracting 90 deg. from the Azimuth found, 
and you have it 3 becauſe it's from the North ſo much above $ points 
or 90 deg. it's here Eaft 28 deg. Southerly. 

But if the Angle at R had not been ſo much as go deg. then you 
muſt have ſubſtracted the Angle found from 90 deg. and it would have 
given the Suns Azimuth from the Eaſt. 

If you would know the Suns Azimuth from the South C in the 
Queſtion) you muſt have ſubſtrated the Angle found from 180 deg. o0/ 
and it would have given your deſire : Bur theſe things I leave to your 
own praGice. | 

There be ſeveral things that you may tind in this Triangle of great 
uſe ( as you may ſee by what is ſaid already ) in Navigation, which 
your praQtice will make you perfe&t in , and therefore to that I refer 
you. 
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QUEST 7. 


Admit I be in North Latitude 50 deg. oo min; and at » ho. 
49 min. 48 ſec. after 12. of the Clock in the Afternoon, I 
would know the Suns height above the Florizon, the Suns 
Declination being Southerly 9 deg..19 min. 


710, IV, "T His Queſtion will be preſented in Scheme IV, whercin 
| Fig oy [ there is given, in the Triangle GR A, 
Thelide AR * 4odeg. oo 
The hour after 12 a clock, converted into degrees and SC oat 
minutes, GAR _. . 0264.37 
The Complement .of the Suns Declination (or his di- 2  CAIRY] 

« ſtance from the North Pole) G R 99 ye 
And let the Complement of the Suns height be demanded, G R. 


I conſider here we have two ſides, and the contained Angle given, 
to find the third fide, 


et fall the Perpendicular fyom R, which is in the Triangle, as RI 
and ſo in the right angled Triangle R 1 A, I have given, 
RA 40deg. ooy Se 
RAC 42 deg. 77h g. A Radius, is = to ft, 0. AR + Al 
To find AI. 


Rad. 10. | 
c.s. RAT 47 deg. 33 9.86797 
t,RA _ 4Odeg. oc | 9.92381 


t AI 31 deg, 46' . 29.79178 


This Al 31 deg. 46' ( being the Suns diſtance from the North 
Pole ) Subſtcacted from AG 99 deg. 10' there remains 67 deg: 
24' for I G. | 


And 
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And now we have I G reſpondent to I A and the thing required 
G R, is reſpondent toR A, the Latitude given : ſo that 


As 1. co. A1 58 deg. 14' cocar. 0.07047 
Is to 2. co. IG 42 deg. 36' 9.58466 
So is 5. co. AR 50 deg. o0/ | 9.88425 


Togo GR 20 deg. 15' the Suns height Y9.53938 
The Complement whereof 69 deg. 45' is the fide G R required. 


In this manner you may find the Suns height for every hour or mi- 
nute of the day : let the Suns D-clinatian be either Northerly or Sou- 
therly ; Or it th2 Laticude were Southerly, from the South Pole in 
ſuch a Triaogle as this is, you may tind any thing that you do in a 
Northerv | atitude, I need not do Examples of every one, becauſe ir. 
will take up too much room, 


QUEST. 7. 


The Latitude and Longitude of any Star given, to find his 
Right Aſcenſion and Declination. 


Admit Perlius*s right Shoulder be Longitude 25 deg, 18' of - ©, and. 
bave. North Latitude 34 deg+ 30'3 I demand bis Right Afſccntion and 
Declination. 


Fig. VY. Ote, that the Latitude of a Star is the diſtance of that 
Star from the Ecliptick, either Northerly or Southerly, 

in a Circle that cuts the Ecliptick from the Polcs therect : as in the Fir 
. gure Lis the Latitude of the F, or its diſtance in the Circle BX L 
which comes from B the Pole of the Ecliptick. 

The Longitude of a Star is his place in the Ecliptick, or his diſtance 
in the Ecliptick, From Y' counting the Signcs ſuccclively, as O Y. 

Right Aſcenſion of the Sun or of a Star, is alike, namely that Meri- 
dian-diſtance from Y' that cbmes with the *,; and cuts the Equinodti- 
a, Now where it cuts the EquinoGtial, there is the Stars Right A(- 
cenſion, as here A * cuts the EquinoGiial in I: and therefore 1 Y' is 
the Stars Right Aſcenſion = to the Angle IA Y, 


Here 
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Here then (in the Triangle * BA) wehave given, 


AB thediſtance of the North Pole from the Pole of = 23 deg. 30 


Ecliptick 
X B the Complement of the Stars Latitude $5 deg. 30d 
*X BA the Stars Longitude from Cancer 34 deg. 42' 


To find firſt the Complement of the Stars Declination A KF, we will 
let fall the Perpendicular AE; and fo in the right angled Triangle 


BE A thereis given, 
1. co. B4- Radius, is = to #. co. BA +t. BE. 
d. m. 3 5 d, m. 
<AB 23 30)i. BA 23 30 9.63830 
Dad BA 34 mY co. AB 34 42 9.91494 
CTo find BE ;.BE I9 40 9.55324 
This BE ſubſiracted from B * 55 30 
Leaves E * 33 50 
Say then again, L 
. Ms. 
As s. co. BE I9 40 C04 0.02610 
Is to 5. co, ® E 35 50 9.90887 
So is 5.co. BA 23 30 F 9.96239 
> Tos.c. A* 8-39 9:89737 
| From A*KOI 90 OO 


Snbſirat A X ſo found 37 52 
The remainderis #1 52 08 The Stars Declination required. 


Next, for the Angle X AB, 


d. m. 
AS. * A 37 52 £0. are 0.21195 
Tos. *BA 34 42 9475533 
So ,. *B 55 30 9.91599 
Tos. XAB 49 51 9.88326 
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This 49 deg- 51' is the Complement of # A B to 180 deg. So that 
the Angle here looked for, is the # Right Aſcenſion 130 deg. 09' 
from Midnight. 

From which if you ſubſtrat B A Y 090 dep. 00' 


The remainder is KA Y | 
= to which, is I Y',the Right Aſcenſion of the * 


# And the reaſon is plain: fs AY ls g0 dee. and AI is 90 deg. 
therefore I Y' is the meaſure of the Angle Y' A * 1, or <qual to it. 


40 deg. = 
required . 


| | QUEST. 8. . 
Admit the Right Aſcenſion of the ſame Star , namely Perſius's * 
right Shoulder, were 40 deg. og min. aud the Declination 
ot were 52 deg. 8 min. 7 demand the Latitude and Lon- . 
gitude of the ſame Star. . 


His would be the converſe of the former.Queſtion : for the ſame 
- thing ls required here, that was given there. 


For in the Triangle * AB, I havegiven, 


* A 40 deg. og' its Right Aſcenſion,” 
Which added to Y AB 90 2 oo/ 
Gives the Stars Right Aſcenſion 
from the North, # A B 130 deg. og' 
; d. mr. 
And the Declination of the Star is I # | 52 08 
Whoſe Complement to 90. deg. I A,is # A 37 $2 
And AB is as before the Pole of the Eclipticks L 
diſtance from the Poles Elevation > .. : BY 
| d, m. 
So that thus I have given (I ay) # A 37 52 
The Anglgat A, namely * A B 130 Og 
And the fide AB _ | 23 30 
o 


That is, two fides and a contained Angle, to find the third ſide, and 
the Angle AB *; that is, the _— SENT of that Star. 
'1I 


* 
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I have thus delineated the Queſtion, and need not do an Exatnple of 
it, but leave it to your own praQice, for brevity ſake; and becauſe 1 
have ſhewed ſeveral Examples of this nature in the Doftrinal part of 
Spherical Triangles. 


QUEST. 9. 


Admit that I be in the Latitude of 51 deg. 30 min. and the - 


11ta day of Auguſt, 1684. th#Sun hath North Declination 
rx deg. 54 min. Now Perſins's right Shoulder hath Right 
Aſcenſion 40 deg. 09 min. and 7 obſerve him before he comes 
to the Meridian , and find his Altitude 30 deg. oo min. I 
demand his time of coming to the Meridian, the true time 
of Night. 

Note, That the Declination of Perſius's right Shoulder is Nortberly 

52 dep. Og'. 


io. VI, JT Orthe reſolving this Queſtion, *twill be neceſſary in the 
Fig. VI FÞ firſt place to find the Szns Right Aſcenſion : Toattain 


which, 


In the Triangle T' R ©, right angled at R. 


R © the Suns preſent Declination 13x 54 


d. m.Yt.co. 0.36169 
D aha Declin. 23 54 9432373 


Required YR =to + 29 OO Jr 9.68542 
Here we have found Y R to be 29 deg. oo' 
Which ſubſtracted from 180 deg. oo 
It gives the Suns Right Aſcenſion 151 deg. oo/ 


If you ask why YT R is not the Suns Right Aſcenſion, I would haye 
you conſider the time of year 3 the Sun is in Leo, and that muſt be a 
great way from T' : fo that the diſtance that we found was ® R 
29 deg. 09, the Suns diſtance from ®, which is = to Y' R, 


Next, 


* 
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. Next, for the Angle # BD. 
We have given in that Triabgle A B D, the fide AB, & 
Lo which is the Stars Declinatijon Complement . : Tp Is 
E A&Dthe Complement of the Stars Altitude  Godeg. oo 
The Complement of the Latitude BD '_  -38 deg. 30 


And ABD, the Angle of the Stars, being ſhort of the Meridian of 
South, is required that is, three ſides given to find an Angle. 


oy & ak 
The fide AB is 37 51)CHalfADis 30 00 
The fide B D is | 38 3of Half differenceadded 00 19 
| Difference 00 39 Sum 30 19 
| Half difference 00 19 Remainder 29 41 
s. BA 37 deg. 51' co. ar. 0.21217 
s. BD 38 deg. 30' car. 0.20585 
5. Sum 30 deg. 19' | 9.70310 
FF. + Remainder 29 deg. 41 9.69478 
19.8 1584 
ABD its half 54 deg. o0' 9.90732 
2 
Doubled is 108 deg. oo ; 


The Angle required ABD), ( the time after this obſervation, before 
this Star will come upon the Meridian ) which is 7 ho. 12', - 


But for the hour of this Stars coming upon the Meridian, 


d, m. 

I adde to the Kight Aſcenſion of the Star 40 O9 
Twenty four houzs or 360 oo 
And from that ſum. bring 400 Og 
Subſixact the Suns R+,/ic Aſcention 151 ©o0 
And the rcr.ainder is 249 cg 
Which converted into time, is * 16 by. 36' 36" 
+ S ( 2 . $5 
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$o long after.12 of the clock. at Noor-ig will be; before that Star 
will be upon the Meridian, which is at 4a dock 36' 36” inthe Mor- 


ning. P 


: I for to know the true time of Night that I obſerved the 
| tar. 


SubſtraQ the time between my obſerving the Star, 
and his coming to the Meridian, which was 
From 'the time after Noon that the Star will be 5b ad. et 

upon the Meridian | aaa nol” 
And the remainder is the true time 1 obſerved at 09 bo, 24/ 36" 


' And thus you may find the hoar of the Night at any time, by tak 
the height of a known Star (provided you know his Place, Right Aſ- 
eenſion, and Declination ; and the Suns Declination or Place in the Ecli- 

ck ) whereby you may find his Right Aſcenſion ( as hath been 
fewad ) by that and his greateſt Declination. | 


7 bo. 12' 


But indeed it's neceſſary cohave Tables of the Suns Right Aſcenſion 
by one, as well as of the Stars z and therefore upon ſecond thoughts I 
have here placed them, though it was not my intent at firſt, 


316 
So long after þ 


will be upon the ' 
ning. 


" And laflly, for 
| Star. 


Subſtra&t the tim 
and his comin 
From 'the time 
upon the Meri 
And the remaind 
' And thus you 
the height of a- 
cenfion, and Decli 
prick, whereby 
wed ) by tha 
But indeed it 


by one, as well ; 
have here placed 


- 
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—_ *s- 
” 


et. nd 


A Table of the Suns Right Aſcenſion, converted. into Time : 
which may ſerve for all the Tears of Declination ( for ordi- 


nary uſes. ) | 
S| January. | February. | March, | April. | May. | + June. 
< [© Right © Right|® Right] © Righ| © nigh © Right 
1* JAfcenſion.| Aſcenfion.] Aſcenſion.| Aſcenſin,] Aſcerfion.! Aſc-nlion, 
ſha, mel ba, m.| bz. m.| bs m.\b, m.| b. nm 
3119 32] 21 40| 23. 27] or | 20] 03 13] CS ig 
2]19 37| 21 44|23 3 or 24Foz3 171] 05 23 
3119 41]21 48|23 35j'or 28] oz 21| oc5 27 
4[i9s 45|21 $2423 38] or. 32] oz 25| o5 31 
5119 49|21 $56|23 42] on 35] 03 29] 05 36 
6119 $54| 22 00|23 45] o1 39] 03z 33| 05 40 
7119 $58] 22 04|23 49] or 44|03 37] 0%, 44 
8120 o2|22 08423 $52]ot 46] oz gi] 05 48 
g9j20 o7|22 12|23 $56] ot 5oſoz3 45| 05 52 
io|/2 x1|22 15|00 oof or 53] oz 4g| 05 56 
i1]120 15] 22 20| 00 O4l or 57] oz $53] 05 OO 
I2]20 20|22 23] 00 O7| o2 oil oz 57] 06 O4 
13120 24|22 27] 00 Ill o2 og oz or 0s os 
14120 2$|22 31109 14] o2 og| o4 og 06 12 
15120 32|22 34|00 IB} o2 12| c4 ogf 0s 16 
16]20 - 36| 22 38] 00 22] 02 16| 04 13006 21 
17120 40|22 42|00 25] o2 20] 04 ,17] 06 25 
i8/2Q 44|22 46] 00 29| o2 24] 04 21j 06 29; 
io9}[20 5022 ,52| 0 32] 02 '28] 04 25] 06 33 
20/20 52122 53100 36| 02 311 04 29| £6 37| 
21/20 $6|22 57] 00 40] 02 35] 04 33] 06 41 
22/21 0©1|23 o11 00 43] 02 39] 04 37] 06 46 
23]21 05|23 04] 00 47] o2 43] 04 411 06 50 
24/21 ©9| 23 c8f 00 51] 02 46] 04 45] 06 54 
25]21 13|23 111 00 54) 02 5gof 04 4+ | ©6 58 
26121 . 17| 23 15] 0 $58| o©2 54] 04 53] 7 02 
27|21 21] 23 19] 01 Oo2| o2 58] 04 57] 07 o©6 
28|/2x 25| 23 23 01 05] 0z o2} 05 oi] 07 10 
29]21 29] 23 271091 Og| oz o5| os o5|o7 14 
30/21 33|Trmpjar, | 2 13] 03 og] »5 10]07 ” 
13112, 36 this laſt. of 16 .1 05 15 
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Fuly, Vs 


id Table of the Suns Right Aſcenſion, converted into Time : 
which may "ak for all the years of Declination ( for ordj- 
nary abs.) | 


hn 


| *SArq} 


10s 
07 
O7 
07 
O7 
07 


© Righ 
ijAfcenſhon. 


m. 
23 
27 
31 
33 
39 


© Kignc 
Aſcenlion. 
W 
25 
29 


ho. 
O09 
O9 
O09 
09 
O09 


43 
47 
51 
59 
59 


03 
o7 
I1 
5 
I9 


09 
09 
09 
09 
09 
IO 
IO 
C®) 
IO 
IO 


September, 
© Right 
Aſcention. 
hy. me 
ir 18 
be 
L2--.26 
4-6 
ct 33 
ct 37 
Ii 40 
It 44 
it 45 
II 


Sl 


II 
[1 
I2 
I2 
I'2 


J5 


_ my _— —Oon—_OC9—_ _ | 
o\lun 4+ vs [0 =|/5v © Gian ew Ho = 


_ 
* 


0) 4 = 
O © 0&< 


25 
27 
31 
35 
39 


[0 
10 
IO 
IO 
[© 


[2 
I2 
I2 
[2 
I2 


Oftober. 


Nuovemb. 


® R igh! 
Aſcenſion. 


© Kight 
Aſcenſion. 


m, 
O7 | 
I1 
I4 
15 


ha, 


3 


= 
07 
II 
I4 
18 
22 
26 
30. 
35 


ha. 
5 
15 
I3 
5 
15 
r5 
I3 
S) 
'S) 


39, 


5 It 


Decemb. 


© Ripht| - 


| Aſcention. 
ho” m. 


mM. 
[7 I4 


16 


i5 
is 
'S 
16 
16 


16 
16 
16 
16 


49 
Jz 


ww 1H wi © 
3 ID - 


© (I to 


.I2 
i2 


Iz 


- 
q” 
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This Table may ſervefor all the years of Declination for to find ® 

the time ofa Stars coming upon the Meridian to obſerve for Latitude 

or for ſeveral other things 3 but in things that rcquircd more c xact- 

4 neſs, I wiſh cvcry man to work it as I have ſhewed in two or three 

' Examples, where it's found to the {ccond of a Minute of Tine, and 
muſt be ſo for things of that nature that I ſhzw it, ſor there indeed 
exa@ncſs is beſt in every thing z but hcre one years rigitt &ſccrition 
will ſcrve tor all and be exa& cnough. 


To know the time of any Stars coming upon the Meridian. 


| Have made Tables of the Longitude, Latincde, Declination and right 
Aſcention of ſome principal Stars. 

Now if you would know the time of any of thoſe Stars coming 

upon the Meridian for any day 3 ſubſtra& the right Aſcention of the 

Sun for that day from the right Afeention of the *, and the remainder 

: the hour from Noon ( ſtated ) that the Star will be upon the Mcri- 

ian. 

|, * But if theright Aſcention of the Sun be greater than the right Aſeen» 
' - tion of the Star, then add 24 hours to the right Aſcention of the Star, 
and ſubſtra&t the right Aſcention of the Sun from that ſum, and it 
gives the hours'after Noon that the Star will be upon the Meridi- 


an, 


© 


As for Example : 


Admit the firſt day of May the Swns right Aſcention be 3 bo. 13', and 
F' the right Aſcention of the Lions Tail be 11 bo. 32'; I ſubſtra the 

' right Aſcention of the Sun from 11 ho. 32' { the right Aſcention of the 
- Star )) and'theremainder is 08 ho. 19; ſo-I conclude that it will be 

lo long after 12 of the Clock at Noon before that Star be upon the 
lan. ; 


But imagine in this ſecond Example : 


That upon the firſt of December I would know what time the firſ 
in Orions Girdle comes to the Meridian : I look in the Tables and find 
that Stars right Aſcention is 78 deg. 46',or 05 ho. 15', I look for the 
" tight Aſcenſion of the Sun for that day, and find that to be 17 ho. 14'3 
and becauſe I cannot ſubſtrat the Suns right Aſcention from the 
Stars, 
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# Stars, | add 24 hours to the Stars right Aſce#fion 05 bo. 15, 


And it makes 29 bo. 15 
Now ſubſtra@t the Swns right Aſcention from it 17 bo, 14 


And the remainder is the hour from Noon eatle aa 
of the Stars coming to the Meridian > , 


That is at one minute paſt Twelve of the clock at night, | 


When you would be very exat indeed for the time of a &tars com- 
ing to the Meridian , you may conſider the Swns diff.cence of right 
Aſcenſion between one day and another is commonly four Minutes of 
time 3 fo that for every fix hours later that the Star comes upon t 
Meridian than the Sxn doth you may reckon one minute of time. 

Note. The Stars alter their time about one hour in Fifteen days 
(ſooner) for their coming upon the Meridian, by which you may know 
their Seaſons at any time, when found for ſome one time. Thus much 
tor Aftronomy in this place. 


CHA P. XXXLIV. 
Problems of Sailing by the Arch of a great Circle. 


Ll places in the world that lie North and South one from the 
A other, their diſtance on their bearing ( either in Leagues or 
Miles } -is their neareſt difiance one from the other. 

Alſo 4ll places that be under the EquinoQtial , their diſtance Eaſt 
and Welt is their neareſt diſtance. 

And the reaſon is, becauſe the Equino&ial is a great Circle of the 
Sphere ; and fo are all Meridians or North and South Lines 3 but 
ſerve not any Eaſt or Welt Lines ( except the, EquinoQial ) but as 
any Parallel or Ealt and Weli Line is nearer the Poles, ſo them Circles 
are leſſer than a great Circle, ſo that if in a Parallel of any Latitude 
known there be two places in that Parallel diſtant any number of 
miles conſiderable, the nearcſt way from one of them.to the other is 
not Eaſt or Welt, but upon that Arch of a great Circle that leades 
from one of them to the other. : As 
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As imagine in the Latitude of 50 deg. 00! there be two places diſtant 
in their Parallel 180 deg. or 6942 miles ( for in Miles a Semicirclc 
in that Parallel is no more: ) I defire to know th: neareſt diftanc: 
between them. 


If you look on the Globe for that Parallel, and imagine two pla- 
ces ſo ſcituated, you will find that a Meridian-line ( which is in this 
caſe the great Circle lcading between theſe places ) will lead you a 
far nearer way between them than to go upon a Parallel or Eaſt and 
Weſt Line. I know in this caſe the Arch of a great Circle cannot be 
uſed, becauſe it goeth under the Pole where no man cangoz ) ButI 
make this an Example for the informing the Learrer how it comes to 
paſs, that the dire& courſe of bearing that leades from: one place to 
another is not the neareſt"'way , but upon the Arch of a great Circle 
that leads between them. We come now to the ſeveral Caſes, and to 
) the reſolving of ſeveral Queſtions deduced from thoſe Caſes. 


CASE r. 


The Latitude of two places being given, and the difference of 
f Longitude between them, to find the neareſt diſtance between 
; them; and the direft Poſition of the firſt place to the ſecond, 

and of the ſecond place tothe firſt, 


Queſt. 1. Admit there be a place in North Latitude 40 deg. 00', anc- 
| ther in the Latitude of 50 deg, 0o' North Latitude ( but to the Ealt- 
| ward) and let the difference of Longitude between them be 23 deg, 3O', 
I demand their neareſt diſtance in the Arch of a great Circle, the dire&i 
Poſition of the firſt place from the ſecond, and of the ſecond place from 
the firſt. 


firſt 


In the Triangle A BD 
Let A Bbe the Complement of 40 deg. o0' namcly 50 deg. 00! 
Let BD be the Complement of 50 deg. oo! namely 40 deg. oo 


Let the Angle at B be 23 deg. 3o' the difference of Longitode be- 
tween them, ( then doth B repreſent the North-Pole ) and A D an 
Arch of a great Circle that leads between them 3 A is the Angle of 

; = Ke + ire 


great Circle, is but 
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dirc& Poſition from the firſt to the ſecond, 
and D the direc Poſition from the Eaſter- 
molt to the Weſtermoſt, Firſt then, to 
find the fide A D. 


We have two ſides and a contained 
Angle given, to find the third fide. If we 
let fall the Perpendicular DI, we have ( in 
the Triangle BI D, right angled atI) 


A. 
BD 40 deg. oo) 4-Rod | i 
Data. <B 23 deg. oF. co. B adins,is =tO 2.0. BI. 
I hnd BI : + 
DB x. co. 40 deg. O0' ©. ar. 9.92381 
. B y. cv. 23 deg. 30 9.96239 
Blr. 37 deg. 35 9.388620 
Which ſubſtraRted from B A 50 deg. oo! 
- Leaves I A 12 deg. 25/ 
Now for A D. 
As s. co, BI 37 deg. 37" coar. 0.101213 
Is to 5. co. I A 12 deg. 25' 9.989721 
So is 1.co. BD  4Odeg. oc 9.884254 
Tozs.co.D A 18 deg. 11 9.975188 
Thus you ſee the diſtance between theſe two places in the Arch of a 


18 deg. 11'; which converted into leagues, at 20 


leagues to a degree, is 363 leagues 2 miles, or 1091 miles. 


Next, to find the Angle at D. 


"Tis certain. the Angle at D is above 90 degrees, and therefore we 
ſhall find his Complement to 180 degrees, thus , by the firft Caſe of 


As 


@ + «+ + + 
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d. mM. 

As 7. BA 18 11 0.50576 d. wut. 
To's. B 23 30 9.60069{ YFrom i180 oo 
So 9, BA 50 oo 9.88425 2 <Sublirat 78 12 


Tos. D 78 12 9.99070 ) ( Therema.is ADB 101 43 


This 78 deg. 12' is the Angle of dirc& poſition of the Eaſtermoſi 
Ship” from the Weſtermoſt z namely, South 78 deg. 12' Weſterly, or 
_ 11 deg. 48' Southerly, which is Weſt by South 37 deg. Sou- 

ly. 


Laſily, for the Angle at A. 


d. m. 


AsAD s. 18 it 0.50576 )( Thus the Angle of dire poſi- 
ToB &£s. 23 30 9.60069 tion from the Weltetmoſt = 
SoBD x. 40 00 9.80806 to the Eaſtermoſt, is 67 d. 09! 


Toa 7x. 67 99 9.96451) that is,North 67 409' Eaſterly, 
The like is to be underſipod of any other Queltion of this nature. 


Thus then, if I were to ſet from the Weſtermoſt place, my firſt 
Courſe is found to be North 67 deg. 9' Eaſterly 3 but you muſt not 
hold that Courſe long, but incline more to the Eaſtwards, as you fail 
farther and further 3 as I ſhall ſhew hereafter how, 
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CASE 2, 


Two places being in one Latitude, or Parallel, and their neareſt 
diſtance being alſo gow ; to find the difference of Longitude 
between them, and the dirett Poſition of the one place from the 
other. 


Queſt. 2. Admit there be two places in the Latitude of 50 deg. o00' di- 
ſtant in the Arch of a great Circle ( which is their neareſt diftance ) 
1800 miles, I demand the difference of Langitude between them. and 
the Angles of dire Poſition from the firſt place to the ſecond, or from the 

+ ſecond place to the firſt : alſo the Northermoſt Latitude you will ſail to, 
to follow the Arch of a great Circle. 


In the Triangle ABD, imagine B to be the North Pole, 


B 


d. m. 
[= D Brepreſent the Complement of the Eaſter- 
'moſt places, Latitude 
Let AB be the Complement of the Weſtermoſt pla- 
ces, Latitude FE. PE 
Let AD be the nearc{t diſtance of thoſe places in the F 


Arch of a great Circk 1800 miles, or , JV: - EO 


And let it be required to find the Angle at A or D, their _ Po» 
on 3 * 
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ſition 3 and the Angle at Bz the difference of Longitude between 
them 3 alſo BI, the Complement of the Northermolt Latitude in that 
Arch. 

The reafon I make the neareſt diſtance of the places to be 30 dep. 
oo! is, for that in a great Circle of the Earth 60 miles is a degree, con- 
cluded upon by all ingenious men that have endeavoured to tid thc 
quantity of a degree upon the Earth, 


For the reſolving this Queſtion, Let fall the Perpendicular 1B. and 
it divides the Triangle A B D into two right angled Triangles,namely 
BID, and BIA; and in cach of theſe the correſpondent things are 
equal, becauſe B D and B Aareequal : fo that if we tind the Angle at 
D in the Tiiavgle BID, it's = to the Angle at A; and if you find 
the Angle I B D, it's halt the difference of Longitude A BD, or = to 
A B I, : 


Firſt, for the Angle at D. 


DB 40 deg. 00 PE RE 
Dae 4D Lthe halfot DA 15 deg. 00'S cv. DP to 
equized D, the Angle of Poſition A + t.DI. 


—_ _ 


d. Me 
DB #.co, 40 Oo 10,07618 
DI t. 15 ©0 9.42805 
D. 46 - -JT--23 9.50423 


Thus then the firſt Courſe the Eaſtermoſi Ship ſhould ſicer to come 
the neareſt way to the Weſtermoſt Port, is North 71 deg. 23' Wetter. 
ly; that is, Weſt and by North 7 deg. 22 Northerly. 

And becauſe the places be both in one Parallel, therefore the Weſter- 
molt Ship muſt ſteer Eaſt by North 7 deg. 22' Northerly, at her firſt 
ſetting from the Weſtermolt Port, to go the neareſt way to the Eatter- 
moſt, But, as I have intimated before, theſe Courſes will. alter to 
keep to a great Circle, and therefore care muli be taken accordingly, as 

I ſhall ſhew hereafter. 


Next, for the difference of Longitude 1 the half of which is I BD. 


DB | 
Das FD 1 $10 + Rodin, = s. DB+-5.DBI. 
= : . - 


CRequired DBI 
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I I 

s. DB 40 OO Gar 0.19193 

s. DI 15 ©o 9-41299 

s, DBI 23 45 9.60492 
23 dep.. 45 
And this D BI being doubled, is the difference of 3 6s + 

Longitude rcquired DBA 47 deg. 30 

47 deg. 30 


Laſtly, for BI, the Complement of the Northermoſt Latitude. 


(DB 404. co'y y 
Data. IT 15 4. ©0/Fcen DB Rodin ==t0 5.co. I D- 5.co.lB 


CERequired IB 0 
d, mh 
s,co. Dl I5 OO C047. 0.01505 
s.co. DB 40 ©0 9.88425 
5. co. BI 37 31 9 89930 


This 37 deg. 31' is the Complement of the Northermoſt Latitude 
the Arch will carry you to. 


And thus you ſee to follow the Arch of a great Circle, yon muſt 
ſhape your Courſe ſo, that when youare half way ( in this caſe ) you 
muſt be in the Latitude of 37 deg- 31', But it's neceflary in caſes of 
. this nature, at your firſt ſetting out, to calculate for every 4 degrees 
that you fail, a Table of direc Poſitions, or Courſes, that will keep you 
in your Voyage near this Arch of a great Circle z which will bedone 
as tclloweth, in all Voyages where the places be in one Parallel or Lz- 
titude. Alſo to ſet down the Latitudes that this Arch paſſeth by. 


CASE 
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CASE ;. 


Two places being in one Parallel or Latitude, and their neareſt 
diſtance in the Arch of a great Circle given ; to find the 
dire Poſition for every 4 deg, 30 min. of diſtance, ſayling 
in that Arch, and "the Latitudes that this Arch paſſeth by. 


Queſt. 3. Admit there be two places inthe Latitude of 50deg, 00' North 
Latitude, and their diſtance in the Arch of a great Circle yp 800 miles, 
or 30 deg, 00'; I demand the Courſe to keep to that Arch of a Circle 


forevery 4 deg. 30' of diſtance ſailed in it. 


Et fall the Perpendicular BI, which divides the Triangle into two 

right angled Triangles, whoſe fides and Angles are equal one to 

the otfier, cach to his correſpondent, Now if we begin in the Tri- 

angle B DI, counting the Arch of a great Circle that leades between 

theſe places A D, to be divided from D, by the Meridians B 1, B2, 

B3, B4, B5, BG, into cqual parte, at 4 deg. 30'to a part, according 
to the Queſtion. Here then, 


Firſt, 
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Firſt, to find BI the Perpendicular. 


: I D half the neareſt diſtance 15 4. o0'y 7. co. B D+ Rad. is 
Dare. $D B the Comp, of the Latit. 40 d. vo's = to 1.c. DI4- 


Required I B 5. co, I B, 
d. m. A 

s,co DI 15 OO C90, ar, 0.01505 

5.co, BD 40 00 9.88425 

5. co. Bl $7.30 9.89930 


Ant this ſubſtrated from 90 deg. is the Northermoſt Latitude that 
the Arch of a great Circle will carry you to, namely 52 deg. 29'. 


Things. being brought in this order, go to work, and ſee for every 
of theſe diviſions or 4 deg. 3o' in this Arch, what Latitude we ſhall 
be in, and what Courſe we ſhould ſhape to keep to the Arch; alſo 
what Longitude we ſhall make at cach diviſion as we go along ; and 
ſet it down in a Tabuler way ( as hereafter ) to ſerve for the whole 
Voyage, or many Voyages to that place. 


And firſt, for the firſt Courſe at ſetting out from D. 
BD 404. oo' | 
Data. 3D I 15 & 00 $1 D + Radim, is =to t.co, DBJ-;,DI 


CRequired D. 
lh - We 

t.coa DB 40 oo 10,076186 

f. WI. "IS 00 9.428052 

$.co D T7333 9.504238 

Next, for the difference of Longitude between the two places A BD. 
d, m. 

t.co. ID 15 ©0 10.57194 
rp Bl $7. -31 9.78461 
t, co, DBI 23 45 10.35655 


Which doubled, is A BD the difference of Longitude 47 deg. = 


us 
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Thus then the firſt Courſe Ifteer is Noth /7 1 deg- 23' Weſterly 3 that 
is, Weſt North. Weſt 3 deg. 57' Weſterly : ſet it down in the Ta® 
; ble as you ſee here, and. it will be read thus : 
f Ac my ſetting out Pll ſteer W N W 3 deg. 57' Weſterly,till from D 
 TIcometol. | 


Next, to find what Courſe I muſt ſteer from 1, which is 4. deg. 30' in my 


way. 
_- (I: 10deg. 30 
Pee.$1B 37 be. 31'$1. 11+ Rab ator, 1B þ f.co. Bil. 
CRequired Bil 3: 
= | d. wm. 
Bl. ov - v0 £0, ar, ON &. C0 10.11475 
Iz Io 30 9-26063 
Bilt.co. 76 39 | r9.37538 


; The ſecond Courſe is North 76 deg. 39! Weſterly, that you muſt 
| Rieer 3' which is Weſt North Wett 9 deg. 9' Welterly. 


FE :*- For the Latitude T am in at 1. 
W ..& - 
(BI 374. 31'y3,.coBI 37 31 9.89936 
| Data. \ 1 10 d, 30 co. T1 Io 3O 9.99266 
.CRequired Bi. J ,.co.Br its co. WS. 9.89202 
For the Longitude 1have made at 1. 
d. m. 
BI 374. 31'ys. IB 37 31 9.78461 
Date Yi 1 104. 50/$1.co IO 30 10.73203 
| Required IBr.);.o,1B1: 16 56 10.41664. 


Here I conſider, that when I ſet out, I found the Angle at B, namely. 
IBD, to be 23 deg. 45', and nowl find the Angle I B 1 to be but 
16 deg. 56', which being ſubſtracted from I BD, - leaves 1BD the 
difference of Longitude I have made ſince ſet out, namely 6 deg. 49' 3 
and (o I ſet doyn in the Table the ſecond line, which will be read - 


| ; thus ; 
* Vv | When 


Weſterly, and muſt be 


leads between theſe two 
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When I have failed 4 deg. 30' of the Arch of a great Cirde that 
ces, 1 muſt ſteer Veſt North Weſt 9 
in the Latitude of 51 deg, 15', and 
have Weſt Longitude from the place I ſet 6 deg. 49'. 


DE ——_— 


yg weag COURSE. 


the Arch. 


© 5#-" "08 6g 


9 oo |W 
13 30 |W 
18, oa |W 
22 30 |W 
27 oo |W 
30 . oo |W 


o oo [WNW 
| 4 30 WNW 


d. m. * 


3. 57 Weſterly 
9 og Weſterly 


7 45 Noxtherly 
I 53 Noxtherly 
4. 33 Southerly 
9 ol Southerly 


6 45 Weſterly 
3 57 Weltrly 


Latitude. 


Longitude. 


| 


» of 


d. 
oO 
SI 
52 
52 
52 
SI 
SI 


| JO 


—_ 


& 


D 2 


cla 064. oo 
Pare $1 37 d. 31 
Required I 2 B, 


* 


IB #, £0» 
1 


T 2 Bt.co. 


N I2+ Rad. is=tot.I B+ t.co.12B. 


d. 
3T 
06 


82 


I ſubſtrat from I D 


The remainder is 2 1 


. 


3x 
00 


5 


Next, for the Courſe at 2. 


00 


,10.11475 


9.01923 


9.13398 


Thus the next Courſe from 2, muſt be North $2 . 19' Weſter! 0 
that is, Weſt 7 deg. 45' Northerly. _ ” 


Fer 
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For the Latitxe at 2, 
y d, m. 


(12 064, o0'y,.coBI 37 31 
Data. | B '.37 4. wo co. I 2 06 O©0 
CRequired 2B I,,co,B1z 37 56 


33! 


9.89936 
 9-99761 


_ 9.89697 


The Complement of 2 B (herc found ) is the Latitude you are in 


K 2, namely 52 deg. 4'. 


» For the Longitude at 2, 


& ab 


IB 374 31's, IB g7. 22 
CRequired TB 2.);,o, IB2 og 58 


This being ſubtracted from 1B D 


I 2 o6d. oo'yt.co I 2 06 ©o | 
Dad . 


0.97837 
9.78461 
10.76298 


23 deg. 45 
9 deg. 48' 


Leaves the difference of Longitude I have made 2 BD 13 deg. 57' 


B 


Thus then, when I am at 2 in the Arch of a great Circle, I muſt 
ſhape my Courſe Weſt 7 deg. 45' — and to keep it, 1 m_ 


% Vv 2 
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be in the Latitude of 52 deg. 4', and my difference of Longitude that 
I ſhould make, would be 13 deg. 57”. 


Next, for my Courſe at 3. 

4, mh 
31 I d. z0' LD. a $7 :30 10.11475 
Data. Jis 37 d: 31 $1; [i OI 39 _$.41791 
CRequired I3B I13B4,w, $8 03 ' $.53266 


Thus the next-courſe from 3 would be Weſt 1 deg. 53' Northerly. 


To find the Latitude I am in at 3. 
d. ms. coBI 37 deg- 31 9.89936 


"7 [3 5 aq r.co. I3 1 deg. 30 9.99985 
required B 3 rc0.B3 37 deg. 32 9.89921 


The Latitude you ſhould be in-at 3 is 52 deg. 28'. 
To find the Longitzde the Circle paſſeth at 3. 


d. m.Yt.co.l 3 1 deg. 30 I1.581932 
Data, 413 x 3o(s.IB 37 deg. 31' 9.784610 
IB 37 31 —— 
Required [ B 3 Jr.co.l B3 2 deg. 2% 11.366543 
From 1B D 23 deg. 45! 
Subſtra&t I B 3 herg.found 02 deg. 28/ 


The remainder is the Longit. I have made at 3 21 deg, 17' 


better, becauſe the courſe for the firſt five degrees from D to 
A, as it doth at, D, whereas there is alteration,though not conſid 

and ſo likewiſe between 3and 4 ; for from I to 4 is to the South- 
wards of the Weſt, and from 1 to 3 to the Southwards of the Eaſt 3 
but theſe nicities cap breed no ertour, but that y ou will follow the Arch 
DD ——— you ckalote the Latitude at 


Next 


w—— 


If the courſe between 3 and 4 had been due Weſt, it had been rather 
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Next then ſor our Conſe from 4. 
F conſider from I to 4 it is 3 deg. 30' 
And Bl is givenas before 37 deg. 31 


And B 4 1 is required. 


TBr.co, 37 deg. 31 I0.11475 
I 4 5. 03 deg. 30 8.78567 
B 4 It.co. 85 deg. 27' 8.90042 


And this courſe is from 4 South Weſterly 85 deg. 27'; that is Weſt 
4 deg. 33' Southerly, 


Next for the Latitude at 4. 


d, m.YJ.coBI 37 deg. 31' 9.89936 

Dat I 4 3 3olools 03 deg. 30' 9.99918 
oy _ A. 

Required 4 B Js.co.B4 37 deg- 39 9.89854 


. The Latitude you ſhould bein at 4 is 52 deg. 21', 
For the Longitude I B 4. 


”" S " v8 


il 4 3 3096. cole 3 30 1.21351 
Data.q1 B 37 317s.IB 37 31 9.78461 


CRequired I B 4 tc IB4 og 44. 10.99812 


Which being added to 1 BD 23 deg. 45/ 
Gives the difference of Longitude at 4 29 deg. 29/ 


Next for onr Conrſe at 5. | 
The diſtance from 1 to 5, is given to be 4 deg: 3o' more than - 
d. m. 
7 oo 
37 31 
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d. m 

I Bt. co. 37 31 10.11475 
I'5z. 07 ©0 9.08589 
Is Br. co. 80 59 9.20064 


The Courſe is from 5 South 80 deg, 59' vey that i is Weſt 
9 deg. 1' Southerly. 


For the Latitnde we are in at 5. 


d, m. 
Is 7d. 00/3... BI 37 31 9.89936 
Dae.Y B 37 d. 31 Fe eco. I4 O7 OO 9.99675 
- Required By. I,,.o By 3$ 04 9.8961 


TheGomp, ot By hevefound, is the Latit. at 5, namely 51 deg. 51. 


For the Longitude at 5. 
d. m. 
7 d. oo'yI5s t.co, ©7 oo 10,9108 
Da S18 37 &. 31'F1 [2 37 31 9.78461 
Required l By. J1IBgt.o. 11 24 10.69546 


This 11 deg. 24' added to I BD-makes 5 BD 35 deg. og, 


Next, for our Courſe at 6. 


x d. ms. ; 
I6 124. 3O')t.co 1B 37 31 10.11475 
pas F1B 37 d. 3rd, 5. 1I6 12 30 9433533 
Required B6I I;,o,16B 74 15 9.45008 


The Courſe is from” 6 South 74 deg, 15' Weſterly 3 that is, Welt 
South Weſt 6 deg. 45' Weſterly. 


For the Latitude we are in at 6. 
x d. ' 
Is 11d. 30'ys.coBI 37 31 9.89936 
Data. hi 37 d. JF I 6 IT .30 __9-99119 
= EI Required B6 


1.co.B 6 51 OO i > 89055 
The 
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The Side found here, is 39 deg. its Complement is the Latitude 
SI deg. 00” at 6. 


Laſtly, for the Longitude at 6, 
d, mM. 
1s 114. 3O')I6 7. ou 11 30 10.69153 
Dae. $1B 37 d: 31'b1B. 37 38 9.78461 
CRequired IBG. J1B6t.o, 18 28 10.47614 
Fhis 18 deg. 28 added to 23 degs 45 
Gives DB 6 42 deg. 13' 


Toprove your work, you may find the Longitude that will be made 
at A, and the Latitude you ſhould be in there, thus : 


d. m. 

IA 154. o0o'JIA tro. 15 ©o 10.57194. 

Da Si B 374. 31'd1B [# g%- 38 9.78461 

Required ABILJ ABIt.co. 23 45 19.35655 

d mw. 

The Longitude that is made from I failing to A, is 23 45 

Which added to the Longitude made, failing in the ſame - 

Arch from D to, equal to it C 9 49 

Makes the difference of Longitude DB A 47 30 


And thus you ſee, that if the diſtance from D to A be 1800 miles 
or 30 degrees in that Arch of a great Circle, and that the two places 
Dand A be in one Parall!; the difference of Longitude between 
them is 47 deg. 30'; Now this difference of Longitude, if it had been 
ran up in the Parallel of 5o degrees, would have made the Run longer 
than to follow the Arch of a great Circke, by 32 milesz which though 
it be not much in this caſe, yet it ſerves to ſhew that the Arch of a 
t Circle is the neareſt way, ( which ſme that do not underſtand 
nature of it, will not believe: ) and in other caſes you will ſee a 
great difference, as hereafter we ſhall ſhew. 


For 
—  < 
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For the Latitude you forall be in at A., 
d, m 


CIB 374. 31 3 5.co. Bl 37 21 9.89936 
Jia 15 4. 60! F lA 15 00 9.98494 


.CRequired BA. I,;,co.BA 40 oo 9.88430 


'- Whoſe Complement to 90 deg. is 50 deg. 00' the Latitude you 
ſhould be in at A. 


Data. 


And thus for any Voyage you may calculate your Courſe as well to 
every finglc degree, 2 degrees, or for every five degrees that you fail in 
the Arch of a great Circle, ( which is near enough ); and allo ſee 
what Latitudes and Longitudes the Arch will go by at your firſt ſet- 
ting out, that ſo you may order your buſineſs thereafter in the Voyage, 
I am willing to be the larger in theſe things, becauſe they be of great 
conſequenee 3 and I would have all men uſe this way of failing, where 


they can. 


CASE 4. 
Two places being propoſed, the one in the Latitude of 1 3 deg, 


12 min. North Eaſt, the other in the Latitude of 50d 
oo min. and the neareſt diſtance in a great Circle of the ſame 
being alſo known; to find their difference of Longitude, the 


dirett Poſition of the firſt from the ſecond, and of the ſecond 
from the firſt. 


Queſt. 4 Admit that T fet from the Lizard lying , in North Latitude. 
5odeg, 00", and am bound to Barbados, which tieth in North Lati- 
tude 13 deg. 12', and is diſtant from the Lizard in the Arch of a great 
Circle, 57 deg, oF, or 3428 miles, between the South and the Wh; 
y demand the difference of Longitude between them, and the Angle of 


Poſition from the Lizard to Barbados, as «lſo from Barbados to the Li- 
zard. . 


He B repreſents the North Pole 3 then muſt d. 
B Abe the Complement of the L atitude of Barbados, 76 
BD the Complement of the Latitude of the Lizard, 40 
AD the neareſt diſtance of them, 57 


Andlet it be required to find the Angle B, which is the difference of 
' Longitude. | The 
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The fide AB is 
The fide BD is 


The difference is 
The half difference 
The halt of AD is 
Sum 
Remainder 
& = 
s. BD 40 OO war. 0.19193 
s. BA 76 48 coar. 0.01162 
s. Sum 46 58 9.86389 
5. Remainder 10 10 9.24677 
19.31421 
s. half ABD 27 deg. of ' 9.65710 


2 


Which Doubled, is 54 deg. 0o' the difference of Lengitude. 


Thus then the difference of Longitude between the Lizard and the 
Iſland of Barbados, is (at this rate) 54 deg. o0' 


Next, for the Angle of Poſition at the Lizard, D. 
| *d& m 


As 5. DA” 57 o$ C0. ares _ _ ©.07575 

Is to 5. B 54 00 9-90795 

| So is 5. BA 76 48 | 9498837 
| Tos. D (its co. to 180 deg.) 69 40 9:97207 


Thus then the Angle of direQ Poſition from the Lizard, is 69 deg. 
40' to the Weltwards of the South 3 that is, Weſt South Wetk 
2 deg, 10' Welterly. 


* X x Laſtly, 
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Laftly, for the Angle of Pofition from Barbados, A. 


d, WW 
As 5. DA 57 08 cG«.ar. 0.07575 
Is tos, B 54 OO 9.90795 
Soiss. DB 40 ©0 9.80806 
To rs. A 38 15 9.79176 


Ie js evident then, the firſt Courſe you ſteer from Barbados, is North 
38 deg. Eaſiesly 3 that is, North Eaſt by North 4 deg, 30 Eaſt- 
erly. 


CASE 5. 


The Latitudes of two places being given, and the difference of 
_— between them being alſo known ; to find their near- 
eſt diſtance in the Arch of a great Circle, and the direft Poſi- 
tion of the firſt from the ſecond, and of the ſecond from the 
firſt ; and by what Latitudes and Longitudes the Arch of a 
great Circle paſſeth. 


Queſt. 5. Admit I ſet from the Lizard, which is North Latitnde 50 deg. 
o0' and be bound to Barbados, which is in North Latitude 13 deg, 12' 
and if Barbados bath Weſt Longitude from the Lizard 54 deg, oo' ; 1 
demand the neareſt diſtance of theſe places, and the Angle of dire& Poſi- 
tion from the Lizard to Barbados, and from Barbados to the Lizard. 


2 * 

Ere in the Triangle A BD, we have given BD, the 
Complement of the Latitude of the Lizard PEP 
B A the Complement of the Latitude of Barbados - 76 48 
And ABD the difference of Longitude between them 54 ©0 


Firſt then, for A D, the neareſt diftance between them. 
Let fall the Perpendicular AI, and then we have given in the right 


AB 


angled Triangle Al B, 
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: d. m. 
AB 764. 48'yt. BA. 76 48 0.62976 
B o i4 d. co'>1.co B 54 ©0 9.76921 
To BI. i BI 68 14 10.39897 
d. '”'. 

As vc. BI 68 14 (£0. 0% 0.43082 

Is tos,co, DI 28 14 9-94498 

Sois £.co., BA 76 48 9.35860 

To s.c. DA 57 ©8 9-73440 


This 57 deg. 08' converted into miles, at 60 miles to a degree, in a 
great Circle, gives for the number of miles between them 34 deg, 29/, 


Secondly, for the Angle of dire Poſition 
from the Lizard D. 


d. m. 
Ass.AD 57 o8 co.ar. 0.07575 
Is to s. B 54 OO 9490795 
Sos. BA 76 48 9.98837 
Tos.D its co.2 , = os 
to180 4apie NY 9-97207 


The Angle of dire& Poſition of Barbados from the Lizard, is then 
South 69 deg. 40' Weſterly 3 that is, Wett South Weſk 2 deg. 10' 
Welterly. : 


Laſtly, for the Angle at As 

d, m. . 
As s. AD 57 - 8 co.ar, 0.07575 
Is to s.B 54 ©O 9-90795 
So is s. BD 40 ©O 9.80806 
To s. A 38 15 9.79176 


The Angle of Poſition from 8arbados to the Lizard, is North 38 deg. 
15' Eaſterly ; that is, North Eaſt by North 4 deg. 30' Eaſterly, The 
like for any other of this kind. 

* Xx 2 We 
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We have found the neareſt diſtance between the Lizard and Bay- 
bados, in the Arch of a great Cirde, to be 57 deg. o8', or 3429 miles ; 
and alſo the Angle of Poſitivn from the Lizard t6 Barbados to bt 
69 deg. 40'3 and the Angle of Poſition from Barbados to the Lizard 
to be 38 deg. 15'. But now, 

Admit 1 would know by what Latitude and —_— this Arch 


of a great Circle doth paſs, that ſo I may ſet my buſineſs in order for 
the keeping a Reckoning from one of theſe places to the other, and to 
follow this Arch as near as I can, 
I haveſhewed in weft. 3. how to find by what Latitudes and Lon- 
itudes the Arch of a great Circle doth paſs 3 but that was 
wrought in an Example where the places were both in one Latitude 
but in this caſe they be not in one Latitude, which differs 
from the former : and therefore 1 am willing to ſhew an Exam 
it» Alſo, that was wrought for degrees given apon the Arch of a great 
Circle, this to every hfth degree of itude between the places. 
Suppoſe then, that | would know by what Latitzde this Arch of a 
paſſeth, to every fifth degree of Longitude, and the 
Counrle, | 


In the Triangle AB D, 


| d. m. 

Let D be the Latitude of the Lizard, whoſe Complement 

bf Latitude or diliance from the North Pole, is D B > OY 
Let A be Barbados, whoſe Comp. of Latitude is AB 76 48 
The difference of Longitude ABD is 54 00 
The Avgle of dire& Poſition from the Lizard is BD A 

110 deg. 20', whoſe Complement to 180 deg. p 69 40 

ADR, the Courſe from the South 


For the doing this Queſtion, ( in the preceding Figure) let fall the 
Perpendicular BI, which will fall without che Triangle, becauſe the 
Arch of a great Circle dircQs it (elf to the Northwards of the Eaſt, as 
you may ſte by the Angle of Poſicion but now found : for where the 
Perpendicular falls from the Pole, upon this Arch is the very Norther- 
molt point or Latitude that the Arch goes through, and muſt therefore 
be the place where the Perpendicular falls z becauſe there onely the 
Anglcs of Poſition ( to keep that Circle ) would be Eaſt and Weſt. 


Firft, 
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Firſt then, to find the Perpendicular, which muſt be our firſt work, 
We have given in the Triangle BI D, right angled at I, 


d m 

BDI=to ADR 69 40 

| D B the Complement of the Latitude 40 ©0 
. And I B the Perpendicular is required, 


| d. m. 
s. BDI 69 '40 997205 
s. BD 40 O0 9.80806 
s IB 37 ©4 9.78001 


Thus the Perpendicular BI is found to be 37 deg. 04', which is the 
Complement of the Northermoſt Latitude; it reacheth 52 deg. 
56' from the Pole to the great Circle, 


Next, we. muſt find the _ of Longitude that this Perpeudicular makes 


without the Triangle A BD, namely DB I. 
| d.. m, 
*CIDB 69d. 4&'Jt.co. IDB 6g 4o c@H, ar. 0.43112 
Das 3D B 40d. od © co DB 40 oo 9.88425 
| Required D BI. 2;, o. DBI 25 49 10.31537 


Theſe being found, let us proceed to find by what Latitudes this 
Arch of a great Circle paſſeth 'from- D to A, at every five degregs of 
Longitude 3 an#fo the Courſe or Angle of Poſition at thoſe degrees 3 
TBE is 30 deg. 49'. 


And firft, for the Latitude 8t e, in the Triangle I Be. 


d. m. 
IB 374. 04/}r.co. Bl 37 O4 0.12183 
Dal Be 30d. 49'Cr.coI1Be 30 49 9.95389 
Required Be. ©, oo.Be 41 20 10.05573 


This 41 deg. 20' is the Complement of the Latitude at e, 48 deg. 
4©' ; ſo that at e we find we are in that Latitude, and muſt ſicer 
Welt South Welt 2 deg. 10' VVeſterly, from D to e. For 
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For the Courſe from eto f. 


& a 
!CIB 379d. 04}. BI 37 O4 
Pas) Be 41d. 20'C's. eB 41 20 


Required Bel. *;, Bel © 65 52 


For the Latitude at f. 


. | d, m. 
IB 374. 04')s.co.1Bf 35 49 
Dae $i Bf 354. 4g'pt.co IB 37 4 
Required Bf. +» C0 Bf 42 58 


9 


2 


Thus from e to f we muſt ſteer South 65 deg. 


F we (hall be in the Latitude of 47 deg. 02'. 


For the Conrſe from f to g. 

d, m. 

IB 374. 04/)s. Bf 42 58 

Das 3B/ 42 4. 59's IB 37 O4 
CRequired I fB. 2,,* 1IfB 62 12 


9.90896 
0.12183 


10,03079 


52' Weſterly, and at 


C0, ars 0.16665 
9.78013 

9.94678 

. For 
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For the Latitude at g. 


Ba IB 374..04'7 Note, I adde at every Station the Angle of 
Pas $1 Bg 40d. 49g' © Longitude 5 4. increafing the Angle IBD 
Required B g, ſo much at cach Letter. 


k 


; d. m. 
1.c0, IBg 40 49 9.87898 
t.co. I B 37 O4 0.12183 
t.co.Byg 44 57 10-00081 


From f tO fo we mult ſteer South 62 deg. 12' Weſterly 3 and at g 
we ſhall be in the Latitude of 45 deg. 03'. . 


For the Courſe from g to b. 
d, m. 
IB 374. 04')s. Bg 44 57 0.15089 
Data. $Bg 444.5734. 1B 37 O04 9.78013 
Required Ig B. Y,, Ig B 58 34 9.93102 
For the Latitude at h. 
" AE | 
cClIB 37 d. o4'Y 5.co. TBh 45 49 9:84.32 
Dae. $18 45 d. $9/Fre IB 37 O4 10.1218 
CRequired BY. DI; Bb 47 18 9.9650 
For the Courſe from h to k, 
d. m. 
IB 374. 04's. Bh 47 18 car. 0.13376 
Data. Jo h 42 d, 42d IB 37 O4 9.78013 
Required IB b. i. IbB 55 06 9.9 1359 
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_—_—_— [The Courſe at every five degrees of Longitude| 
Ice Pane! that the Arch paſſeth by. | 
5 EEE rs f 
: a ; | d, m. | 
Ate 48 4go[FromDtoeWSW o©o2 10 Weſterly. 
Atf 47 02|Frometof $ 65 $52 Weſterly, 
Atg 45 0O3|Fromftog S 62 12 Welterly, 
At b 42 42/ Fromgtoh S 58 34 Weltetly. 
Atk 29 $5|Frombtok $ 55 ©06 Weſterly, 
Atl 36 38\Fromkto/$ 51 48 Weſterly. 
Atm 32 $50|Fromlto mS 49 34 Welterly. 
At 1 28 28|/FrommtouS 45 $0 Weſterly, 
At o 23 3oi\Fromatoo $ 43 17 Weſterly. 
Arp 17 58|Fromotop S 41 o5 Weſterly. 
|AcA 13 12|FromptoAS 29 138 Weſtah. 
For the Latitude at k, 
& "uo » 
IB 374. ©4').co. IBk 50 49 9.80058 
Data. | Bk, 504. " co. IB 37 O4 0.12183 
CRequired Bk: Iz.co. Bk 50 os 9.92241 
For the Conrſe.from k to 1. 
" —_ = 
ccIB 374. 04's. Bk 5O OS co.a? O-11521 
Dat. 38k ' 5o d, 05'S IB 37 O04 _ 9478013 
CRequirtd IAB. J,, Bkl 5x 48 9.89534 
For the Latitude at ]. 
d. m. 
IB 374. 04/3) r.co. 1BI 55 49 9.74961 
Due. $1B! 55 &. 49/$1. IB 37 O4 © 12183 
CRequired BI. );,o BY 53 22 9.87144 
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For the Courſe from | to m. 


d. m 
781 374. 04')s, BI $3 22 C0: are 
Da 3B, $3 d. wo BI 37 04 
Required I/. 'D,. 1; 49 34 
For the Latizude «t m. 
"Ig 
IB 37 d. 04/) 1... IBm G60 4g 
Dae S1 BR 60 d. 4/$1.cuB 37 O4 
Required Bm. I;,co, By 57 10 
For the Courſe from m to 1t« 
| d. m. 
BI 374. 04') rs. Bm 57 10 Coat. 
Dae JB 57 d. ro, Bl 37 O4 
, Required ImB i. ImB 45 50 
| 
For #he Latitude at n. 
| d& wm 
"BI 374. 04'Yt.co. IB 37 o4 
Das SB. 65 4. wF co. IBn 65 *49 
CRequired Br. IJ;,co, Ba G61 32 
For the Courſe from n to 0 
OS 
BI 374. 04/3s. FB 37. 04 
Das.4B 61 d&. 37'b Bn 61 32 
. Required [nB.),, 1nB 43 17 


*  -wY 
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O-IO131 
9.78013 


9.88144 


0.07559 
9.78013 


9.85572 


0.12183 
9.61242 


9:7 3425 


9.38013 
953609 


'Fos 
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For the Latitude at 0. 
d, me 
(BI 374. 04'3t.co. IB 37 og 
Data. 18s 70d. 49'Þr1.co. IBo 7o 49 
CRequired Bo, Ig, wo, Bo 66 30 

For the Courſe from 0 to p. 
'-« d. m. 
Bl 374 oghIB » 379 04 
Das. {Bs 66 d. 20/0Bs (A 66 30 
CRequired ToB. 33, Bu. 41 o5 

For the Latitude at p. 
d, m. 
BI 374. 04'y?r.co. IB 37 O04 
Dae Bp 754. Fc IBp - 75 49 
CRequired By. I;,co, Bp 72 o2 
For the Courfe from p to A. 
d. m. 
<BI 374. 04'ys. B 72 ©2 
Data. NT 724. 02'>:3. B 37 O4 
CRequired BpI. 1,. BpI1 39 18 

For the Latitude at A. 
” A 
CBI 37 4. 04')t.co. BI 37 og 
Data. $1Bp 75 4. Few IBp 79 49 
CERequired AB. I,o AB 76 48 


0.12183 


9.51665 


9.63848 


9.78013 
0.03760 


9-81773 


; 0.12183 
9.38921 
9.51104 


0.02171 


9.78013 


9.80184 


0.12183 
9.24747 


9.36930 


Thus you fee when you come to p, you will be in the Latitude of * 


17 deg. 


kefore he runs his Longitude up 3 and therefore, when you are at 0, 


5$. Now I would wiſh every man to haul into his Latitude, 


you 
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you may leave the Arch of a Circle, and ſteer more Southerly, (o 
as that you may get into 13 deg- 12', before your Longitude is out, by 
100 leagues @ leaſt, for fear your Judgment ſhould be out in counting 
your Longitude. And thus having calculated your Courſe, and the 
Latitndes by which the Arch of a great Circle paſſeth, it ſerves for any 
Voyage from the Lizard to that place. 


You may calculate your Courſe to every ſingle degree of Longitude, 
if you will z but this (I think) is near enough; for though the Courſe 
alcers by little and little, yet not (6 conſiderably as tO require me to 
ſteer any otherwiſe than in this manner. 

To follow the Arch of a great Circle, | believe a man might come 
near the Weſtern Iflands ; but it's a comman thing, and they are very, 
bold __ and no danger about them, but what is to be ſeen time c- 
nough. 


CASE 6. 


Admit I would know how far I ſhal ſail wpou the Arch of a grea 
Circle, to alter my Courſe any number of degrees of the Com- 
paſs propoſed, and alſo what difference of Longitude I ſhall 
make, and what Latitude I ſhall be in. 


Queſ. 6. Admit I ſet from the Lizard, and be bound to the Iſlend of Bar- 
bados, and the firſt dire Courſe that I ſteer from the Lizard, be Weſt 
South Weſt 2 deg. 10' Weſterly, or South 69 deg. 40' 3 I demand how 
far -I ſhall ſail before T alter my Courſe 5 deg, 00' to follow the Arch of 
8 great Circle. 


Have ſaid, that to follow the Arch of a great Circle, the Courſe at- 
ters. by degrees, and not at once: fo that though at the firſt ſec- 
ting out at D, I ficer Welt South Welt 2 deg. 10' Welterly, yet the 
+ Courſe mult alter gradually. Now the Queſtion is, how many miles 
| ſhallfail, to alter my Courſe 5 deg. o0'. 
Imagine,we muſt come to R from D, before we alter our Courſe 
5 degyees 3 then the diſtance DR, is the.thing here required, 


' Now for. the finding it,, we have in the right angled Triangle BI D, 
the Angle.B D I, (it being the firſt Courle at your ſetting out from 


N=to AD'p) and the Complement of the Latitude of the Li- 
+ Y y 2 ; zard 
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zard DB 3 > 5 ppb we did in the laſt Ex- 


ample, and it is 37 
Rees K of, with the ſame things ( we foung it in the lait 


Example to be 25 deg. 49" i 


A ] 
So that in the Triangle B RI, right angled at I, wehave given; ; q 
| - | 
mM. | 
BRI 64 40 t+ £06. - 9.67523 , 
The Perpendicular I B 37 04 t, 0.87816 
To find RI 20 57 $, 9.35339 
Secondly, for DI. 
d. m 
(BI 374. 04'y+. BI 37 O4 . 9.8791 
Pas 4 DB 69 4. 4&'Ft.co I DB 6g 40 9.5688. 
Required DI. 2,, DI 16 x5 9.4469 
d; m 
VVe found R I to be 20 57 
From which ſubſtraRt D I now found, 16 15 
The remainder is DR required 04 42 


Tlius you ſce then we muſt fail 4 deg. 42' on the Arch of a great 
Cirde; before you nced alter your + 
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every degree upon the Arch of a great Circle, is 60 miles : ſo that this 
4 deg. 42" is 282 miles. 


Next, for the-Latitude ag R. 
K you ask how the Angle B R I was given in this and the laſt Ex- 
ample, you may note, the Queltion gives the Angle at R, to dit- 
fer from the Angle at D 5 degrees 3 which muſt make 1 RR B 


.5 degrees leſs than I D B. 
d., mM 
(BI 374 04s. R 64 40 C0,.ar0 0.04391 
Data. 3s R I 64 £40 BI 37 O4 9.78013 
,CRequired BR. ),, RB 41 50 9.82404 


This R B ſublirated from 90 deg. leaves the Latitude this Arch 
paſſeth at R 48 deg. 10”. 


Lily, for the difference of Longitude D BR. 
;» - d, m 


IB 374. o4/yt. BI 37 04 9.87816 
Das FR B 41d. $0'Ct.cw I. 0.05319 
,CRequired IBR.0,.,RBI 32-32 9493135 
| . d. m. 

| '«IB 374. 04/3t. BI 37 O+ 9.87816 
_ Data. Jo D , 40 4. 00/$1. BD' 40 oo 0.07618 
Required IBD.),,o, IBD 25 49 9.95434 

d. m. 

.Here we have found I BR to be. 21 29 

From which ſubſirat 1B D 25 49 


And the remainder is D BR the Longitude -__ * 
is made. at R required. 3 33: 


. 
S» 
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CASE 7. 


The Latitude of a pou given, the neareſt diſtance of that place 
from another, being alſo given, with the difference of Lougi- 
tude between them ; to find the direft Pdfition of the ke 
from it, alſo the Latitude the other lies in. | 


Queſt. 7. Admit the neareſt diftance from the Lizard to Barbados be 3428 
miles, or 57 deg. OB8', and that Barbados bath We Longitude from the 
"Lizard 5G deg, o0' 3 I demand (provided the Lizard lies in the Lati- 
tude of 50 deg, 00'_) what Latitude Barbados lies in, and the Angle 
of Poſition from the Lizard to Barbados, or from Barbados to the Li- 


zard. 


N. the Triangle ABD we have given the Longitude between 


the, d. m. 
DBA o 54 ©0 
D B the Complement of the Latitude of the Lizard 40 © g 
D A the neareſt diſtance in the Arch of a great Circle 57 08 


Firſt, for the Angle of Poſition from Barbados to the Lizard, A. 
d.. m 


A; Js. DA 57 o8 C0. ar. 0.07575 
20 --&-2 54 O©O 9.90795 
So. ;. BY 40 ©0 9.80806 
To :. A $25 | 9.79176 
: n : . Afccr 
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Aﬀer the ſame manner, if the Complement of the Latitude of the 


Barbados had been the Latitude given, you would have found the Angle 
of dire Poſition from the Lizard D. 


' To find the Latitude of Barbados, the Complement of which is A B. 


We will let fall the Perpendicular DI, and ſo the Triangle ADB 
is divided into two right angled Angles, namely DIB and DIA, 


In the Triangle DB I. 
| d, 
(BD 404. oc'yt. BD 40 Op 9.92381 
Data. 3D Bl 54 4. 00'$re. Bl $4 oo | 9.76921 
CRequired BI. 3;, B1 26 15 | 9.69302 
d., mh 

As 5£.co, - BD 40 OO C9 4. . 0.11574 
Isto 4.co, DA 57 08 . 9.73454. 
Þ is 7.,c0. IB 26 15 9.95273 
To £<. co. IA 50 33 9.8030r 
d, m. 

' Now if to this I A here found : 50 33 
You adde 1 B before found 26 15 
ſe gives B A the Complement of the Latitude at A 76 45S 
Whoſe Latitude is required 7; 

Lafily, for: the Angle of Poſition fromthe Lizard A D B. 
d, m. 

A s. ABD 40 OO C0. ar. 0.19193 
To 7. A 38 15 9-79175 
S© 5s. BA 76 46 9.98837 


To 5. Webs 40 


deg. ADR=toBDR PEEPOY 


The Angle of Poſition required at D,then is thus found to be 69 4. 40 
The like is to be underſtood for any other of this nature, 


CASE 


OOO | Great Circle Sailing. | 


CASE 8. | 
Two places being known, the one to be under the Equinoftial, the | 
other in any other, Latitude given, with the difference of Lon- 
gitude between them ; to find their neareſt diſtance in the | 
Arch of a great Circle, the direft Poſition of the ſecond place 
from the firft, and of the firſt place from the ſecond. 6: I 


Queſt. 8. Admit there be a place nnder the Equinodlial, another place in 
North Latitude 49 deg, o0', and lying to the Eaftwards of the Meri- 
dian of it 38 deg, 00's [I demand the neareft diſtance between theſe 
places, and their Poſition or Angle of bearing ( in the Arch of @ great 
Circle ) at firſt ſetting from each of them. . | 


ww E may work this either by the Complements of the given La- 

titudes, or by the Latitudes themſclves; if we work by the 
Complements of the Latitudes, one fide cf the Triangle is 90 degrees; 
but if you work by the-Latitudes themſelves, then you will have one 
Angle a Right Angle. I will touch upon both, but rſotve it firſt is 
the right angled Triangle following 3 in which 


quinoctial, 

Let B be the place in the Latitude of 
49 deg. 00's | 

Then is BD an Arch of the Meridian 
from that Northermoſt place to the Equi- 
noQial, and cuts ſo far to the Eaftwards of 
the place in the EquinoGtial, as between it 
and that place is the diſference of Longi- 
tude A D 38 deg. oo'. | 

And AB 3s the neareſt diſtance between 


them in the Arch of a great Circle, 
A is the Angle of Poſition at the place 
As under the Equinodtial, 
4 B is. the An 


: ple of Poſition from that 
placein the Latitude of 49 deg. o0'. | 
The Angle at D is, a Right Angle. | - 


1+ b + 


B Let A repreſent the place under the E- 


fo 
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In this Triangle then, 


DB 494. od 
Das DA 384. oo' g5.co.BA4-Rad. is =to 5.co.B D4-s.co. D A 
Required B A. 


- 8+ 
6 BD 49 OO 9.81694 
5.c DA 38 ©0 9.89653 
5.co, BA 53 52 9.71347 
Their neareſt dittance in a great Circle BA is 58 deg. 52', or 3532 
miles, . 
For the Angle of Poſition at A. 
d. mM. 
DB 499d. e&'yBD t.co. 49 ©0 9.93916 
Dae.) DA 38 d. —_ D 5. 38 oo 9.78934 
Required A. A t.co. Eaſt 6: 51 Norly 9.72850 
| | For the Angle of Poſition at B. 
| d. mM. 
BD 494. oo'y t.co. DA 38 oo 0.10719 
| Data. 3D A 384, —_ DB 49 00 987777 
CRequired B. t.co. B South 46 oo Welily 9.98496 


The like may be done for any other Queftion of this nature, where 
none of the Sides or Angles are above go deg. but you may work this 
in another Triangle from the Pole, thus: 


| In the following Triangle ABD. 


| Ec B repreſent the North Pole, A the place under the EquinoRial, 
+ D the place that is in the Latitude of 49 deg. oo', then is AB 
9C ueg. ©O', q : 
* Z? BD 
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B D is the Complement of the Latitude of the place at D Comp, 
49 deg. 00. 
B 


A. 


D A is theneareſt diſtance between the two places in a great Circle. 
 B DA is the Angle of Poſition from the Northermoſt place. 
DAB the Angle of Poſition from the place under the EquinoRial. 


And theſe are the parts of this Triangle, 


Now in this Caſe we have given, 


d. m. 
D B.the Complement of the Northermoſt Latitude 41 ©0 
D BA the difference of Longitude 38 oo 
And the fide AB is a right fide or 90 OO 


Firſt then, for BD A, er BDR, its Complement to 180 deg, 
5. co. B D + Radius, is=to 8. co, B + t. co. BDA. 


&---a 
f. £0, 38 oo ABD © 10719 
F. C0. 41 ©O BD 9.87777 


f. £0, 46 ©© B DR 9.98496 
Th 
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Thus the Courſe at firſt ſetting out from D, is BDR = toA DO 
South 46 deg. 0o' Weſterly. 


For the Angle of Poſition at A. 


DB 412. oo 
Dan DBA 364 So $1. B+ Rainy s= tot A+. cs. BD. 
Required A. I 


d. m. 
fs B 38 oo 9.78934 
t.coo BD 41 ©0 C0. ar. 9.93916 
t.coo A 61 51 9.72850 


Laſtly, for the neareſt diftance D A. 


| DB 414. oo 
Data. js 384. oo Q, co. D A + Rad. is = tos. co. B 5. BD. 


Requircd D A. 
d, m. 
5.co, B 38 oo 9.89653 
fs BD 41 ©o 9.81694 
s.co DA 53 52 9.71347 


Thus the neareſt difiance of theſe places is 58 deg. 52'. 


And this you ſee every way agrecs with the former Example of the 
right angled Triangle. 
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CASE 9. 


Two places being known, the one to be under the Equinoftial, the 

_— in any Latitude given, and the neareſt diſtance of theſe 
places being alſo known ; to find the difference of Longitude, 
the direft Poſition of the firſt-to the ſecond, and of the ſecond 
from the firſt. 


Suppoſe the places to be the ſame as before, and ſo the ſame Fi- 
I gures may ſcrve for their demonſtration 3 and let there be given in 


The right angled Triangle A D B, 
d. 


m. 
The neareſt diſtance between the places BA $58 52 or3532 miles 
The difference of Latitude between them DB 49 Go 


Firſt, for the Angle of Poſition at B. 
5. c0. Bj Radims, is = to 8. BD + t. co, BA. 


d. m. 
BA t. co. 58 $52 9.78106 
BD rt. 49 ©0 10,06083 
B -©. co. 46- 00 9.84189 
Secondly, for the Angle at A. 
;. BD-Þ- Radius, is=tos. BA 5A. 
d. m. 
BA 538 52 fo | C0, ates 0.06754 
DB 49 OO fe 9:87777 
K-00 4 9.94531 
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» Einngty, for the difference of Longitude D A. 


-_ Þ + Radius, is = to 2.co. ADs. co. D B. 


GW 
$.c0 ED) 49 O00 cadre 0.18305 
Sc BA 58 $52 9.71351 
$.c DA 38 oo 9.89656 


The ſame might be done in the Triangle A BD, which hath the 
fide B A 90 deg. tor init you have given, 


ds mM. 
D B the Complement of the Latitude of the —_— 44 '&@ 
place 
DA the neareſt diſtance of the places in a great Cir- : 58 52 
cle 
Beſides the fide A B, which is 90 ©0 


Whereby you may find the other things required, with the fame 
eaſe as you reſolved the Triangle has another demand in the Caſe be- 
fore this. 


This may ſuffice for the Caſes of Great Circle Sailing 5 which thou Jn 
it may be varied 60 ſeveral ways in a Triangle, yet all will fall 
one of theſe Caſes. 


POSTSCRIPT 


Concerning the Longitude. 


þ OR the finding the Longitude of the place where you are, and 

how much it differs from the Meridian you ſet from, it's meet 
that you have Tables of the Suns Place 'and Right Aſcenſion 
calculated in Degrees, Minxtes, and Seconds 3 and I had thoughts to 
have done it, and placed them here : but conſidering they will ſwell 
the Book to a greater Volume, and how eaſe *tis to find them, and 
indeed how (atisfaftory to the perſon concerned, 1 have thought good 
to ſhew two or three Examples of finding them 3 and ſo the time of 
Night, by obſerving the Altitude of ſome known Stars. - I confels, 1 
ſhewed how to tind them before, but have not done any Examples to 
that exaQnels, as in this caſe is requiſite, ( nor had I ſhewed how to 
tind the time of Night.) I count *tis but fictle more labour to find 
the Suns Right Aſcenſion and Place, than to do the other part of the 
Queſtion, which is to find the time of the Night by them. And this 1 
do inſicad of Tables, which do not laſt always, nor are they in every 
Book 3 and where they are, they be not calculated any nearer than toa 
minute of Time for the molt part. 


; QUEST 1. 
In this Exam- 4 J;t the 10th day of April 1685, I would know 


Pg mm the Suns true Place and Right Aſcenſion, alſo the 
__ + time of the Night exattly, that Tobjerve the Al» 
rs © titudeof the Lions Tail tobe 5odeg, 20 min. 


riſing, provided 1 be in the Latit. of 49 d. 10'. 


Look in the Tables, and find the Suns Declination the ; as a 
tirlt of April, is Northerly fe ” 
c 
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The Rig! /uiccnſion cf the Lions Tail is 172 deg, 58/ 
» The Dechiuation of the Lions Tail is Northerly 16 deg, 28 


Firſt then, for the Suns Place and Right Aſcenſion, in the Triangle ABC, 
right angled at B. 


d. m. 
I have given the Suns greateſt Declination BA C 23 30 
The Suns preſent Declination B C | 11 49 
To find BAand AC, the SunsRight Aſcenſion and Place. 
And firſt, for bis Right Aſcenſion A B. 
3. BA +Radirs, is=to t. co. A + t, BC. 
d, m. 

t.co, BAC 23 30 10.36169 

fe. BC I 49 9.32059 

| a BA 28 45 9.68228 


The Suns Right Aſcenſion is 28 deg. 45', or I bo. 55/., 
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For-the Stns Place. 
d, m. : | 
s. BAC 23* 30 C0. ar. 0.39930, 
s. BC 1 49 9.31128 
+ CA 30 54 L 9.71058 


The Suns Place is 30 deg. 54/. 


For this occaſion, it's no great matter whether you had found the 
Suns Place or no, for we (hall not uſe it : However, you ſee it's foon 
done. | | | 


_ 


For the Stars bour ſhort from the Meridian * DR. 
I have given in the Triangle X DR, 


| . : d, m 
The fide # D the Complement of the Stats Declination 73 32 
The Complement of the Latitude RD 49 50 
The Complement of the Stars height * R 39 40 
And it's required to find R D , . 
-—_——— 
Half the fide R * is. 19 50 
Half the difference of the ſides D Rand DFis 131 5:1 
_ Sum 31 41 
Remainder 0©7 59 
d. m. | 
s. DR 49 5O © C0. ar, 0.116809 
s. DX 73 32 Ca 0.018188 
4.. The Sum 31 41 : 9.720344 
Ss, The Remainder 07 59 9.142655 
d, ms 18.997996 
 Thehalf of X DR 18 23 9.498998 
2 : 


The Angle XDRis 36 46 


So much is the Star ſhort of being upon the Meridian. There- 


| 


- 
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Thanks for the I that the Star comes upon the Me- 
an, 


361 


| d. 
The Right Aſcenſion of the Star is 172 or 
The Right Aſcenſion of the Sun is found to be _028 45 
The time in degrees that the Star comes after Noon 2 
the Mcridian, is 154 SE) 
 b, e ” 
Which converted into time, is the real time after Noon . ES 
that the Star comes upon the Meridian, 32 
So. that it (cems the Lions Tail will be upon the Meridian at ten of the 
' clock 16'g2". 
Laftly, to fing the time of Night that I obſerved at. 


b. F-.:.0 
We have found that Oe the Meridianat 10 16 52 


a Tiara ink 
Angle ts or O02 27 04 
36 deg- 


c _ we + de A adi into time) from that, 


"The remainder is the true hour, and minute, and (e- 


cond ofthe Night we obſerved ue, which 'F 07 49 48 


QUEST 2. 


lo this Exam- 4dmit the 5th day of November 1685, I would 

5h Aſcenſi- know the Suxs Place and Right Aſcenſion, alſo the 

on is more time of Night exattly that I obſerve the Lions 

hn ie Sus Tail whewbe s go deg, 00 min, high, provided 
 Thein the Latitude of 50 deg. 00 min. North 

Latitude, aud the Star be rifing. . 


Look in the Table and find the Suris Declination is I 18 deg. 45' 


| TheRight Aſcenſion of the Lions Tail, as before, is 172 deg; 5Þ 
6 


The Declination of the Lions Tail is - JT}: 
| *& Aaaz | | irft, 
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F inſt, »þen, for +he Suns Flace aud Right Aſcerfoon. 


C . . 
; ws _—_ greateſt Declination BAD - 23d. 30 10.36169 


Dai. The Suns —— Declination BD 184, 45. : 9.53078 


The Suns Right Aſcenſion A B required, is G 
51 dege 19' from & 5. C 909247 
BAD s. 2 deg. 30' co. ar. 0.39930 
Dita. BD. & 8 deg. 45” 9.50709 


__. 4 53 deg. 43" the Suns place required, 9.90639 


As 1 ſaid ( in the Queſtion before } there was no neceſſity of tind- 
ing the Suns Place in the Ecliptick, becauſe in this caſe we don't uſe 
itz bat 1 found it to make that Example of finding the Suns Place 
and Right Aſcenſion the more plain. . ; 


Agiti, To find the. Stars bour ſhort: of the Meridian. 
1 have given in the Triangle * E 1 the Complement of the Stars 


. Declination, 
ns 73 deg. 32' 
- TE the Complement of the Latitude 40 deg. o0' 
The Complement of the Stars height # E 50 deg. 00 


” ” 


And it's xequired to find # LE the hours and minutes that the Star 
is ſhort of the Meridian, Half 
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Half the fide E * is | 25 deg. 00 
Half the difference of the ſides I # and L E is 16 deg. 46' 
Sum 41 deg. 46 « 
Remainder 08 dey, 14/ 
d. m. ; 
. IE oO 00 C0, ar. ' 6elg919 
s. 1 * 32 C0. are 0.018 1 
5. Sum 41 46 : 9.8235 
;. Remainder '08 14 | b.1559 
19.1894 
Half XIE, is 23 deg. 10 9.5947 


Doubled, is 45 deg. 2o' IE, 


The time in degrtts and miriates that the Star wants of being upon 
the Meridian 3. which converted into time, is 3 ho. 5” 20”, 


Now for the time of Night that this Star comes upon the Meridians. ', 

Subſtraft the Suns Right Aſcenſion from the Right Aſcenſion of 
the Star, which I cannot do here, becauſe the Suns Right Aſcenſion is 
more than the Stars z and therefore to ſupply that-defect, adde 360 
degrees. ( which is 24 hours ! to the Right Aſcenſion of the Sgar,- and 
.then do it 3 and the remaindex, converted into time, is the: time after 
Noon of-the Stars coming upon the Meridian. MM 


The Stars Right Aſcenſion is 172 deg. 58 
To which I adde. __ 360 deg. oo'. 
And it makes, | | 532 deg. 58 ; 


The Right Aſcenſion of the Sun we found to be 51 deg. 19' from 
= which isat A, Now from Y to S is 90 deg. and from-S rg = is 
90 deg. more ( that's 180 deg. and this 51 deg. 19' more; ) fothat 1 
adde the Suns- Right Aſcenſion that we found : $514ep. 1s' 
to 4 26 .  I80deg. od' 
. And that ſum is the Suns Right Aſcenſion required 231 deg. 19' © 
" Aaa 2 Now 
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d. 
From the Right Aſcenſion of the Star (with 360 deg. added) 532 5 
SubſiraRt the Suns Right Aſcenſion i 231 19 


The remainder is | | 301 39 
© 
Which converted into time, is 20 bo, 06' 36”, which is the time, 
after. 12 of the Clock that this Star comes upon the Meridian, which is 
at 8a Clock 6' 36” in the Moming. 


| Laſtly, for the time of Night that I took my Obſervation. 


. . bo. p i, 
From the time of the Stars coming upon the Meridian $ 06 36 
I ſabſtrat the time the Star was Ta. 

when I obſerved 4 3 03.30 


And'it gives me the time in the Morning of my obſerving 5 o2 16 


Theſe things 1 would have every man petrfe& in, they being of great 
oor ſeveral occafions, and eſpecially to know the | fad ap 
tor by knowing the itude of a Star, and his time of coming to 
the Meridian, as alſo his Declination (« man carmot miſtake that 
Star, | | G8 
Als by knowing at one time when a Star comes to the Meridian, a 
man may know at other times when that Star wilt come upon the Me- 
ridian : for the Star that will be upon the Meridian at $ of the C 
6' 36” in the Morning, will ( fifteen days after.) be upop the Mey = 
ridian at near. 7 þs. 6' 36”, and fifteen days after that, again at &'a 
Clock 6' 36”, and fifteen days after that ( which is forty five days 
from theturſt ) 5 a Clock 6' 36”, and fifteen days after at 4 a Clock 
6' 36”, &c. ( Tay near upon the Meridian at theſe times ) methinks 
wy Fratemity might know the Starsa great deal better than they ge- 
| * do, ( Mariners 1 mean ) and more of them than they do, if. 
they: would give but heed to theſe cafic ways which 1 here pre- 
ſcribe. | 
I 


I confeſs the occaſion of handling this matter ſo fully here ( eſpe 
cally for finding the time of Night by obſerving the Altitude of a 
known Star at any time ) is in to the continual occaſion we have 
for it, when we take our Obſervations for the Longitude. 


QUEST. 3. 


Imagine there was a Star that was falling, and before he ſet I 
Served his Altitude to be as in the caſe before (when be was 
40 deg, oo min. high) ,. aud ſuppoſe it to be the ſame day of 

' ' the month ( namely, the 5th of November 1685, and let 

' the Declination of the Star be 16 deg. 28 min, Northerly, as 

this was; 1 demand the time of Night that I obſerved ( pro- 

vided I be in the Latitude of 50deg, oo min. ) and the 
time of this Stars coming to the Meridian ( provided that bis 

Right Aſcenſion be 108 deg, oo min.) 


the former Scheme, . we may imagine the Triangle  E I to be > 


to the Weſtward of the Meridian of South, juſt as in that Queftion 
' itfalls to the Eaſtwards 3 and ſo we have the ſame things given in it 
to find the time of the Stars being paſt the Meridian, namely the three 
fides co find the Angle # I E, which muſt come to the ſanie it was 
there : » 46 deg. 20 

. {r in time . a 3 bo. 5' 20! y 
; Sol conclude the Star was upon the Meridian fo long fince. | 


Next, for the time of the Stars coming upon the Meridian. . 


| | By 
F ILailde 36o deg. to the Stars Right Aſcenſion in the Que-y 
| on, ( becauſe I cannot take the Suns Right Aſceni 108 oo op 
on from it ) | 


- 


| And it makes 468 oo oo. 

From which 1 ſabſira& the Right Aſcenſion of the Sun 231 19 oo 
And the remainder is the time of the Stars coming upon}, 
. the Meridian after Noon Py” REI 


Which converted into time, is 15 ho. 46' 44" 
Which being calculated, is at 3 a clock 46' 44” in Gm 
FY, 


os 


A Poliſcript concerning Longitude. 36 y.- 


a 


1 366 Of the Vareation of the Compaſs. 


Laſtly, for the time I obſerved. 


F 8 


I conſider it was as.I have found it here} _ * A 
after the Star was upon the Meridian : C Pp. "BN: IP 

So that if 1 adde it to the time of the Stays p 
coming to the Meridian p47 49 


It gives\che exact time Fobferved, whichp ah 
ny $ 52 ©4 inthe morning 


The likefor any other of this gature. As I Gid before, I would wiſh 
every one to praciſe theſe things z for they be very neceſſary for 
them that uſe the Sca to know. 


FI "0 SO" —_ IR — RI II IIS FW WY 


Of the Variation of the Compaſs. 
| Have noted before in this Book, that the Variation of the Compaſj is 


ty thc difference beeween the Maegnetical Rifing or Amplitude of the 
:A. Sun,and his wee Rilmg and Serting 3 or between his trac Ar+ 
mutb, wad his Magnetical Azimuth; ' for fo much as the Gompals varies - 
from thft, Yo much the Compaſs is falſe, and it's called the Variation 
of the-Compaſe. Now for the Cauſcs of this Variation, ſome have 
undenaken to give Reaſons 3 but their Philoſophical account is not 
arrived to any perfetion- of belief, nor doth it agree with that qu- 
lity. 

| } remember when IT went to the Weſt Iſle, I took all the notice 1 
could of the Variztion of the Compaſs, and found little alteration from 
what it is in England, till I came-into ( as I remember ) 72 deg. (or 
thereabouts) and then I had 22 deg. Vaiation, all at once, (as it were) 
and it contired fo that whote Yoyape, till 1 came to crofs that Lati- 
. txide again 4 and then 1THoK it after the ſatne mmanner that I found it, 
{ ſuddenly. ) 1 do ſuppoſe that this Variation is {> along the fide of 
the 1He: for at New-found-lard the Variation altcrs ater the ſame 
manrer ( as I have creJibly been informed ) which makes me think 
4 is Fad y ſomething on the: Earth and Sea 3 but'I think evety 
body had bettcx employ their time and wit to calculate it rl; than 
to inquire the cauffe of fo hidden a Secret : and therefore well'fall to 
that next, and ſhew how: it's to be done by the Azimuth Compdfs Y 


- 
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The Deſcription and Uſe of the Azimuth Compaſs, 


F Compaſs hath a Card in a round Box, with a Stecl Necdle 
in it touched with the Load-ſtone (as our common Marivers 
Compals is) but upon the Card is no more points drawn but 
the Eaſt and Wei, North and South, ( and ro diſtinguith them ) upon 
the North point is a Flower de Luce; alſo within upon the Box is 
ran down Lines that anſwer theſe points 3 when the Flower de Luce 
points to one of them, the other three points muſt ſuceeſhively point at 
the rcſt 3 above, under the Ghfs, is alfo Threads cut at Right-Angles 
to thefe Lines that run down the ſides of the Box, that ſb from them. 
0 cas exaQly diſcern the degrees that the Index cuts from the 
h and South, Eaſt or Weſt. Now upon this Box is placed a Cir- 
cle of Braſs, . and that hath the one half of ic divided into go deg. but 
theſe deſers arc numbred from the middle of the faid diviſions each 
way, to 45 deg. and them ſub-divided into minutes by the deagonal 
| Lines and Circles that you ſee there 3 the Center C theſe degrees is 
drawn from ) is on the oppotite part of the braſs Circle, whereon the 
Index moves, whoſe cdge cuts the degree and minute in time of obſere 
vation. 

Upon the Index is a Sight of braſs which is to fall down or ſet up at 
pleafure, Now from the top of this braſs Sight is a Thread that 
comes down to the middle of the Index, and that ſhews the ſhadow of 
the San upon a Line on the middle of the ſame. 

This Compaſs being compleatcd, hangs in a ſquare Box of Wenſcote 
being well falicned there with braſs Pins. 


The Tſe of the Azimuth Compaſs. 


Hen I firlt ſee.one ( the Uſe of them is (o plain and cafie ) that 

I obſerved with it immediately z for indeed it naturally pre+ 

ſents you with its own uſe. Bat however, Ill ſay ſomething to, it : 
Be ſure to reQifie the Circle of braſs, by the Necdle or Card within 
the Box, eng to the quality of your Obſervation 3 for if the Sun 
be to the Eaftwards, put the Center of the Index over the Welt point 
of the Card, fo that the four Lines on the Box that runs down to the 
edge of the Card within, and the Points or Lines on the Card do con- 


cur. 
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=. The Sun be to the Weſtwards, do the like on the Eaſt point of 
the . 

The Inſtrument being thus fitted and ſet, tum the Index fo that the 
ſhadow of the Thread fall into the flit of the Sight that-ſtands upon 
it, ( and at the ſame time ) upon a ſtreight Line that is in the middle 
of the Index, and the inner edge of which cuts the degrees upon the 
brafs Circle, and (o gives you the Amplitude or number of that 
the Son is from the Eaſt ( if at his rifing ) or from the Weſt at his 
ſetting 3 or if it be when the Sun is up, it gives the degree of the Gom- 
paſs that the Sun bears from you : fo that by that, and knowing her 
height ( which ſome body obſerves at the fame time ) you ere a 
Scheme for that purpoſe, and by it, or the DoQtrine of Triangles, ſee 
the true Azimuth of the Sun at that height 3 and ſo much as that dif- 
fers from this, ſo much is the Variation. 

. You may note, that when the Sun is above 45 d to the South- 
wards or Northwards of the Eaſt or Weſt, that the Index muſt be pla- 
ced accordingly 3 but I think him not wiſe, who obſerves when the 
Sun is fo bigh. 1 will ay co more of that, but if you ſhould chance 
to take him fo, remove your Index cither to the North or | 
as you doto the Eaſt or Weſt points; your own Reaſon will (ce ir, 
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GUN NERY. 
| . $0 much of that Art as is abſolutely neceſfary 

» for a SEA-MAN to know. | 


by CHAP. I. 


; - 
, 


for it would ſwell my Book to too great a Volume : But [ ſhall (2 

onety touch upon ſuch parts thereof” as every Sea-man ( whether 
profeſſed Gunner or not ) ought to be acquainted with, and ( in caſe 
af neccſſity )) be able to put in praftice, And therefore in the firſt 
place ( to avoid many words ) I ſhall lay before you a Table ſhewjng 
the Names, Weight, Length, &c. of ſych Pieces of Ordnance as are 
now in {1ſe. Which Table is thus to be read and underſtood : 


I Intend not in this place to treat of the Art of Gunnery in general 3 


As for Example : In the firſt Line of the Table, which is a Canyon 
Royal, | 


"Weight is 8000 pound, 

Length is 12 foot, 

Diameter at the Boxe is $ inches, 

Shots weight 63 pounds 4 ounces. 

Shots diameter is 7 inches and 67 hundred parts of an inch. ' 
Whoſe 4 Weight of Powder for load is 26 pound, 

Ladles length is 24 inches. 

Ladles breadth is 15 inches. 


Bbb A 


o 
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A General TABLE of the Names, Weights, &c. 


ee 


The Names 
- 
PIECES. 


Weight 
of the 
Piece. 


Pounds. 


Cannon Royal. 
Cannon. 
Demi-Cannon. 

L. Demi-Cannon. 

Firſt Culverin. 

Second Culverin. 

. Third Culverin. 

Firſt Demi-Culverin. 

- Second Demi-Culverin. 


"1 Third Demi-Culyerin. © 


Firſt Saker. 
Second Saker. 

* Third Saker. 
Firſt Minnion.- 
Second Minnion. 
Faulcon. 
Faulconet. 
Rabinet. 

Baſe. 


| 8000 


6800 
5800 
5400 
4800 
4500 
4000 
3000 
2700 
2000 
1800 
1500 
1400 
I 000 
850 
750 
50O 
300 
200 


2 — ——— 


Length 
of the 
Piece. 


F. 10 
12 
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Diamet. | 


of the 
Bore. 
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OO 
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Four Dutch PIECES. 


A 24 Pounder. 
A 12 Pounder. 
A 6 Pounder. 
A 3 Pounder. 


500 

3000 

1500 
750 


Il 
IO 


bl 


o 
O 
O 
7 O 


5 
4 
3 
2 
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of Pieces of Ordnance now in 7/ſe. 


' Diamet. | Weight | Length | Breadth | Length | Breadth 

of the | +» of t of the | ofthe | of the 

Shot. | Powder. | Ladle. | Ladle. | Cartrid. | Cartrid. 

In. 100 | P. - O. | In. 10 | In. 1o0|[In. 10|In. 10 

5 67 | 26 O©1| .26- ©] 39: ©] 26: 4 | 2$- 2 

&. 261 18  1© | 8g $4 28-4 F287. 1 $0: [8 

FF 7%, 7 Eh IK. { ex 21 260--..K 4:30 ---D 

6 oi 1  6190- 0m Sj a9 4416 8 
KR AL. ZE EE ET ER. 

5 S&7 7-39 | 89-0: 3:01:88 $3832 
$76] 7 4414 $]- 7 Jas $129: 

» 081.6. S1-6-: 6 | a RIS ET. 

4. 27]. $10 1-12 6] $$ 1av' ©. 1-237 76 

4 S134 ; FF 0:1. 8-0 138- 01:12: 8 
5 pn 04-7 - WES: $136 I 

ns 13: 0} 39: 6 | 6: 71 Th: 2520-1 

g;- 0]|-3 ©] 9: $46 -.:9:]-xx-- -$4 20-8 

1-3 of». e{ g of 3: 61's gf 99 
| dS 4-9-.07 3:44.44 22 
TS .a7£- 0-3. 4-0-7208 
5 SS EE EY Mc, £4 es 1 

Ld: 461-0: EÞ 8--&] 4 *. 2; 4 6 

22 .. 2 3. 2 O08. LO 5 OR. LEP 1 > 


Four Dutch PIECES. 


14 


10 $1}18+0|11: © O 
Fo: & 1-36 7 0-F: 00-08: 57 
5 | 4@ &} & JE 3:9 
r 167 6:0: 4-24.68 
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CHAP, IL. 
The Names of ſuch Inflruments as a Gunner of a Ship 
onght to be furniſhed with. y.--- 


= Compaſſes large and ſmall, to take the diatneters of the 
x Rings of Guns, and the diameters of Shot, 


A Height-Rule for diameters of Bores. 

Braſs Heights for the nature of Shot. 

A Gunners Scale. 

A Gunners Quadrant. 

Molds to caft Leadan-bullets in of all ſizes. 

— Whres. and Springs for the Diſparting of Guns, with a Weenkancs to go 


. up and down,according to the diameter of the Gun. The Tranſome 
muſt be long enough to reach the Baſe-Ring from the Touch-hole. 


A Plain Scale and Braſs Compaſſes with Steel points. 
Other things arc ſuch as no Sea-man is unprovided of. 


CHAP. 


Of GUNNERT. 


CHAP. II. 


How to ſearch 8 Great Gun: or Piece of Ordnance; 
that is, to diſcover whether there be any Flaws, 
Cracks, or Honey-combs (that 5s, irregularneſs ) 
in any Piece of Ordnance ; Several ways. 


The firſt way, for Flaws or Honcy-combs. 


N a clear Sun-ſhine day, with a piece of pdlliſhed Steel, ( or for 

' want of that, a Looking-glaſs may ſerve ) refle& the Beams'of the 
- A Sun into the Concave of tHe Piece; by which means there will be 
.fuch a clear Lighe within the hollow Cylinder of the Piece, that any 
Flaw or Honey-comb may be cafily diſcovescd, "Is 


Another way. 


Takoa Svick, which muſt be Comewhat longer than the Concave of 
the Gun, and making a'flit at one end thereof, put an end of a Candle 
well lighted, into the Notch; Then put the Stick into the mouth of 
the Piece, and by the light-of the Candle, turning the Stickevery way, 
# you cafily put it in or draw it out, and you ſhall pretty well diſcoyer 


Flaws or Honey-combs, if there be anyin the Piece. 


How to diſcover Cracks. * 


| hev—mrrng after you have diſcharged a Piece, let one be ready with 

a Tompkjn to clap into the month of the Piece, with a piece of Reg, 

Blanket, or a Sheepskin wrapped about the Muzzle of the Piece. Alſo, 

- at the (ame time let one flop the Toxch-bole ;, and if there be any Crack, 
_ through the Meta}, a viſible Smoak will appear. 


Another 
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Another way to diſcover Cracks or Flaws. 


* If in firiking a Piece of Artillery a ſmart ſtroke with a Hammer on 

the out-fide thereof, you ſhall hear a boarſe ſound ; it is an evident ſigne 
that the Piece is not ſound, but hath Flaws, Cracks, or Honey=combs a- 
bout it. - But if after every ffroke with the Hammer, you hear a cleer 
ſound, it is an aſſured (igne of a ſownd Gun. 


Ac. 


CHAP. IV. 
How.to find whether a Piece of Ordnance be truly 
Bored or not. ; 


| Les Pike-Raff; longer than the hollow Cylinder of the Gun, 


by about $ or 10 i 3 at the end of which Staff faſten ſuch 
a Rammer-head ( or rather a Piece of Wood turned on pur- 
poſe ) as ſhall juſtly fill the Concaye-Cylinder under the Touch-hole 3 
et not to go in Riff, but eafily. Then take another round piece of 
ood made equal to the concavity of the Mxzzle of the Piece; in the 
center whereof make a hole, that the long Staff may go through, and 
fix this round piece of Wood upon the Staff, in that part that reaches 
to the Pieces mouth, then at the end of the Staff, which is without the 
Piece, make a ſmall hole acroſs, through the middle of the Staff, to 
faſten therein a ſmall Rod of Iron about 14 or 15 inches 3 at the 
end of which Iron Rod, fix a Bullet of about 7 or 8 weight: 
And {© is your Inſtrument fitted, 

This Inſtrument thus prepared, put the R ammer-head into the Month 
of the Piece, home to the end, and then put the round piece of Wood 
into the Mouth of the Piece, and then ( the Concave of the Piece ly- 
ivg level in the Carriage ) the Bullet at the end of the Staff will keep 
borh the Rammer-head and the round piece of Wood in a ſetled poſture- 
Then take your Priming-Iron-and put it in at the Touch-bele, and make 
.a mark with it upon the Rammer-head : This done, draw out the In-. 
Jirument, and lay the Rammer-bead and round piece of Wood upon a long 
and level Table, the end of the Staff where the Bullet hangs, being oft 
of the Table, fo (hall the weight of the Bullet cauſe the ee” 

l an 


Of GUNNERY. 375 


and rownd piece of Wood to lic in the ſame poſition upon the Table, as 
* they did when they were inthe Cylinder of the Gun. 

e Inſtrument lying ill upon the Table, obſerve whether the mark, 
you made upon the Rammer-bead, when it was in the Piece, be juſt on 
the uppermolt part of the ſame, as it now lies on the Table 3 it it be, 

| the Boar of the Piece lieth neither to the right nor left hand 3 but: it 
you find the mark not to be at the top, but inclining either to the 
right or left hand, ſo much doth the Bore of the Piece lic to the right 
or left hand : And therefore in Shooting, the Piece muſt be charged 
and ordered according]y. ; 

By what hath been here delivered, you may find whether the Bore 
incline tg the right or left hand, But to know whether it lice upwards 
or dowriWards, and not in the middle, that way ignot ſufficient 3 -therc- 
fore, to find that, take the DireQtions following, 

Take a piece of ſireight Wire, and bend it a little at one end, about 
a quarter of an inch or leſs, that it may catch at the Metal when you 
take it out at the Towch-hole. Your Wyre being prepared, put it in at 
the Toxch-hole, til it touch the Metal in the bottom of the Chamber, 
and make a mark upon the Wyre, juſt even with the ſaid Toxch-hole 3 
then draw up the Wyre till the Hook catch at the Metal at the top of 
the Chamber, and there make a markas before: The diſtance of theſe 
two marks, is the juſt diameter of the Chamber 3 and thedittance be- 
tween the firſt mark and the end of the Wyre, ( half the diameter of 
the Chamber being taKen out of it ) will be half the diameter of the 
| Piece at the Toxch-hole, if the Piece be truely bored : But if this num- 
ber be greater than half the diameter of the Piece, then the Bore lieth too 
far from the Towch-hole, and the upper part of the Metal is the thicket 3 
« bat if the number be /eſſer than halt the diameter, the wnder part of the 
Meal is the thickeſt. 


EXAMPLE. 


We will ſuppoſe the diameter there to be 12 inches 3 then by my 
Wyre T find the diameter of the Bore to be 4 inches, 'and to the bottom 
| the Metal 7 inches and a halt : - The half of the diameter of the Bore 

' bs 2 inches, which being ſubbrated from 7 inches, leaves 5 inches and 
a half; -which is leſs than half the diameter of the Piece at the Touch- 
bole, by half an inch 5 and therefore the greateſt part of the Metal is in * 
the bottom ( or under the Bore ) of the Piece : Wherefore the danger 
of the Pieces breaking is above. : _—_ 
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CHAP. V. 


How to find the length of the Diſpart, belonging to any 
true Bored Piece of Ordnance. 


Or the effeRing of this,there are ſeveral ways,of which ſome are 
more artificial than others : I will give you an account of ſeve- 
ral of them, and give the induſtrious Gwnner leavggo make 

choice of that which may beſt ſuit with the time and place where hc 
hath occaſion to make uſe of it. | Ry 


One way. 
Girt the Piece round about the Baſe-Ring, and alſo about the Muz- 


zle-Ring, ſeverally, with a String, ( or rather with a piece of Tape, or 
narrow Ribond, which will not ſtretch.) Find or meaſure the lengths 
of theſe two Girts ſeverally upon ſome Scale of equal parts, ( as of 
Inches, and 100 parts of an inch ) then divide cach of theſe Girts in- 
to 22 equal parts, and with'your Compaſſes take 7 of them 3. ſo ſhall 
7 of che greater Girt be equal to the diameter of the Gun at the Baſe- ' 
King 3 and 7 parts of 22 of the lefſer Girt, ſha]! be the diameter of 
the Piece at the Muzzle-King : Then with your Compaſſes meaſure 
the lengths of each of thele Diameters, in inches and hundred parts of 
an inch ; and ſubſtra& the leſſer of them from the greater, and halt *- 


of the remainder-ſhall be the /ength of the Diþpart belonging to that 
Piece, | - 
EXAMPLE. 


Coming to a Gun whoſe Diþart I would know 3 firſt, I girt the 
Baſe-King, and find it to be 42 inchcs about 3 then I girt the Mrz- 
zle-Ring, and find that'to be 31 inches about; then dividing the 
length of the greater Girt 42, into 22 equal parts, 1 find 7 of them to 
- contain 13 inches, and 37 hundred parts of an irich, ( which is above 
a quarter tf-an inch. ) Set this number by z for it is the length of 
the diameter of the Baſe-King., Then divide the length of the /eſſer 
Girt 31, into 22 <qual parts, and 7 of them will contain 9 inches, _ 
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$6 hundred parts- of an inch, ( which is above three quarters of an 
inch.) Sct this number by alſo, for it is the leogth of the diameter 
of the M«zzle-Ring, and ſubſtrat it from the former, and the remain- 
der ( or difference ) will be 4 inches 50 hundred parts of an inch 
( which is 3 inches and a half 3 ) the half of which is 1. 75 3 that is, - 
1 inch, and 75 hundred parts of an inch, which is 1 inch and 3 quar- 
ters : for the true length of the DiÞart for ſuch a Gun, whoſe Girt at 
the Beſe-Ring, is 42 inches, and at the Muzz/e-Ring 31 inches. 

This is a good way to Diſpart any Gun but it is very tedious, and 
requires great care in the pertormance, Wherefore take 


A ſecond way to Diſpart any Gun. 


| Take two ſmall Sticky, (each of them muſt þe longer than the di- 
ameter of the Baſe-Ring of the Piece you would diſpart 3 ) lay one of 
theſe Sticks ( the middle of it ) upon the upper-part of the Baſe- 
Ring, ( ſquarewiſe croſs the Piece ) and fixing it (or cauſing one to 
hold it faſt ) there, having in readineſs a fine Thread and Phammert, 
hold it up by the fide of the Stick, moving it along till the String do 
juſily touch the Baſe-Ring on one fide of the Piece, and' when it doth 
ſo, make a ſmall mark upon the Stick 3 then take your Thread and 
Plummet, and go to the other fide of your Gun, and hold it up as be- 
fore, till the Thread couch the other fide of. the Baſe-Ringz, and when 
it doth ſo, make another mark on the Stick: Then cut the Stick off 
( ſquare-wiſe ) at theſe two marks, for the length of it ig equal to the 
diameter of the Baſe-Ring of the Piece. Do the like ( with your other 
Stick) at the Muzzle-Ring 3 and laying theſe two Sticks together, you 
' ſhall find the difference of their lengths : -and. half that difference is the 
true Diſpart for that Piece. ny | 
This alſo is a good way, but it muſt be ncatly handled 3 otherways 
you may run into a great Errour, _ 


A third way to Diſpart any-Piece. 


If the Piece be not Chamber- bored, take your Priming-Iron, or a (ircight 
{mall Stick or Wyre, and put it down into the Taweb-Iole,umtil it ſtop at 
the Metal under the Towch-bole in the bottom; and upon the Stick or 
Wyre, make a mark level with the top of the Baſe-Ring 3 apply the 
ſame Stick or Wyre to the bottom of the Metal at the Mouth of the. 
Piece: And ſo much higher as the mark at the Baſe-Ring was, more 
than thisat the Muzz?-Rivg,that difference is the true DiPart. Y 


Ccc CHAP, 
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CHAP. VI. 


Conſiſting of ſeveral Queſtions, which every Gunner 
ors to be perfe& in, and ſo able to reſolve them 


upon any demand. 


QUEST. 1. 


The Diameter and Weight of a Shot being ven, to find the 
Weight of any other Shot of the ſame Metal, and of any other 


Diameter. 


Examp. I have an Iron-Shot which is four inches diameter, aud it weight 
8 pound, 1 have another Shot of Iron whoſe diameter is 8 inches : 1 
demand what is the weight thereof ? ; 


The Analogie or Proportion. 
As the Gube of the Diameter of the given Buller, 
Is to his Weight ; 
So is the Cube of the other Bullets Diameter, 
To his Weight. 


| | he the doing this; cube both the Diameters, and the Analogie is 
'& both plain and cafe : for, 
As the Cube of the Diameter of the given Shot, 
Is to the weight of the ſame 3 
So is the Cube of theDiameter of the Shot whoſe weight is required, 


To his weight. 
4 inches $ inches 
4 8 
=”; BT ” 
4 s 
. _ '64cube 5.12 cube 
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If 64 ( the Cube of the Shot given ) weigh 9 pound, what ſhall the 
| Shot weigh, whoſe Cube of Diameter is 512? 


Fr 
64 9 $512 42 (0 
9 _ (72 
X4 
Facit 72 pound 4608 


QUEST. 2. 


The Weight and Diameter of a Shot given, to find the Diameter 
of another Shot by his weight given, they both being of one 
Metal. | 


Examp. Admit a Shot be 27 1. and bis Diameter be 6 inches , what (hall 
@ Shot of 641. have for his Diameter ? 


Xtra the Cube-root of 64, and its 43 and the Analogie is as 
here following. 


As the Root of 27, which is 3, 2 4 (8 4 
Is to the Diameter 6 F 6 
So is the Root of 64, which is 4, | 24 

To the Diameter required. Facit $ inches diameter. 
QUEST. 3. : 


Having the Content and Diameter of a Shot given, to find the 
Content or Weight of any other Shot, whoſe Diameter i given. 


Examp. Admit I have a Shot whoſe Diameter is 4 inches 3, and bis weight 
is 101. 12 oun. I demand the Content of that Shot that is 6 inches 
diameter ? 


Ote, 4 inches + is 4, 25, 3 and becauſe the firſt and third num- 

ber is both to be reduced to one denomination, before it can be 

wrought by the Rule of Proportion 3 therefore the 6 inches is 6 92; 

Alſo, reduce your middle number, which is 10 /. 12 own. into ounces, 
and it is 172 ounces. Cube the Diameters, and ſay, | 


Gee 3 As 
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As the-Cube of 4, 25, 
Is to 172 ounces. 
So is the Cube of 6; 00, 
' To the Content or Weight of the Shot required. 
And ſo working of it, you will have the Reſult in ounces, becauſe 
the middle number was reduc'd into ounces 3 which divide by 16, and 
the Quotient is pounds, the remainder of the divifion ounces. 


QUEST. 4 
The Diameter of a Shot being given, to find the Circamferexce 
#n the higheſt part of it. 
Examp. Let there be @ Shot that is 6, 7%; inches Diameter, I demand 


the Circumference # 
The Analogie. 
As 7.isto 22 3 ſois the Diameter of any Shot, to his Circamierence. 
Example. 
If 7 22 6, 20 
22 #7 & « . 
EF& 47 (19:4 
| 12, 40 
Facit 19, 33. Inches 1240 7777 
® Circumference 136, 40 | 
: QUEST. s. 


The Circumference of a Shot given, to find the Diameter. 
Examp. Let @ Shot be 19, 48 inches abont ;' I demand the Diameter ? 
This is but the converſe of the former Caſe : for 


As 22,is to 7; ſo is the Circumference of any Circle, to the Dla- 
Therefore, 


meter. 
: (1 
As 22 Re 2F 
7 raXx(s 
Facit 6 32%; inches 13636 ICE WM 
ef a hundred 22 


QUEST. 
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QUEST. 6. 


To find the ſuperficial Content of any Circle or Bullet that is 
cleft ( as it were) in the mi "ag ; 


The General Analogie or Rule. 
As 24, is to 11 3 'Fods the {quare of the Diameter of any Circle, to 
the ſuperficial Content. 


QU EST. 7. 
To find the ſolid Content of any round Shot, and ſo his Weight. 
The Analogie is, 
As 21, is to 11; fois the Cube of the Diameter of any Globe or *« .. 
round Bullet, to-the ſollid Content of theſame. on 
 Examp. Admit I have a Shot that is 6 inches Diameter I defire to know 
bis Content in inches ? 
= { BR | 6 
II | ; 6 
| 216 28 (3 36 6 
216 #F7&# (113 6 
2376 "—_— Diameters'Cube 216 
Facit 113 | 


Next, #0 know the Weight of this Shot which we ſuppoſe to be Iron. - 


' Note, That one inch follid of Iron welghs 4 ounces 3 therefore Pl! : 
multiply the Content in inches by 4, and it gives the Content in-- 
- CUNnCcEs, , 


I13,1 
bo 4 , 
23(4 |. fl CISSRST 
4 5 2(28 Content in ounces 452, 4 
x96 
by 


Facit 28 4 ounces, 4 of one ounce. 


QUEST. 
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QUEST. 8. 
To find, the ſollid Content of the V acuity or Concave-Cylinder of 


a Gun. 


Ake the Diameter of the Guns Bore, and find the ſuperficial Con- 

tent of that Circle, ( as I have ſhewed in Queſt. 6.) then take 
the depth of the Bore, and multiply it by that ſuperticial Content, and 
you have your deſire. ( This is if the Gun be full bored. ) 


QUEST. 9g. | 
The Weight of a Gun being given, to find the Weight of another 
Gun that is of the ſame make, but thicker or thinner metled. 


4 the greateſt Diameter of the given Gun, and alſo of the un« 
known Gun, and cube both their Diameters 3 then ſay, 


As the Cube of the Diameter of the known Gun, 
Is to his Weight 3 

So is the Cube of the Diameter of the unknown Gun, 
To his Weight required. 


QUEST. 10. 


To find the Weight of any Iron Gun that is ſound, without weighe 
ing him ( very near. ) | 


= the height of the Gun at the Britch, and alſo at the Muzzle 3 
then take his length, and find his content in inches, as though 
he were all ſolid. This done, find: the Content of the Concave, and 
ſubſtra& that from the other, and note the remainder. Then find the 
Content of the Nuts or Trunnions ( which are Cylindricl ) and give 
a competent allowance for the Rings and Britch ( without the utmoſt 
height ) and adde them to the remainder 3 the ſum is the Guns Con- 
tent in inches. 

Now becauſe one ſolid inch of Metal is 4 ounces, multiply the Con- 
tent in inches by 4, and it gives the Content in ounces 3 and divide 
them by 16, and the Quotient is the Content in pounds 3 the remain- 


der of the Diviſion is ounces ( becauſe 16 ounces is one pound.) 
QUEST. 
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QUEST. rr. 
What allowances of Powder muſt be given for any Gun. - 


; Braſs Gun of about 4000 ]. weight, you may allow three ounces 
, of Powder to every 112 1.of Metal in ſervice. 

To a fortified Gun of Braſs, that's a Culverin of about 4000 /. 
weight, and to uſe him in ſervice, allow about half the weight of the 
Shot for his load of Powder, becauſe of his heating. | 

For a Saker, four fifths of the Shots weight is his load for Action ; 
but for ſmaller Pieces, the whole weight of their Shot is their load 3 
but you may abate ſuitable to your diſcretion, when they are hot, ac- 
coxding to the ſirength and goodneſs of the Powdet. p 
C Note, Three ers as much Powder is the load. for an Iron Gun, as is 

for a Gun of the ſame nature of Braſs. 


Toa Demi-Cannon, the Tower allows 5 ouncesand half of Powder 
to every 112 /. of Metal,if the Gun be a fortified Piece of about 44060;. 
| bee ir ſervice ſcatee 4 ounces to every.312 7. of Metal ( if the Gun be 

we" NO A 
Demi-Cannon Drake, of about 3800 /. weight of Iron, allow in ſer- 
vice 3 ounces to 112 1. of Metal. 
| Demi-Culverin Braſs, of 3300. in ſervice, allow 3 ounces to every 
| 1121, of Metal. | 
Twelve Pounders of Braſs, fortified, 3200-weight, 3 ounces and 
half to every 112 /. of Metal. 


” 


CHAP. VIl. 
of FIRE-WORKS. 


How to fit a Granado-ſhell for Execution. 


I* the-Orifice of the Shell pat in a piece of wood that hath a hole 
through it, and in that hole put your Fuſe, fo that it may joyn tothe 
Powder which before is put into the Shell, ( at the hole the Stick -A 

| : Fule 
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Fuſe is put-in at 3 ) Set this Stick well into the Shell that it may be 
ſare to reach the Powder, and let-the top-be broad and hollow to en- 
tertain the Fuſe. Men db commonly filt the void place with grownd 
Powder, which muſt os moiſtened _ Gam- _— — _ 
that it may joyn the better. -I ſuppoſe your own ty wi 

you how to compoſe the: Fuſes,. and therefore I omit writivg of it, 
but fill the Concave: with Powder the ftrongeft, 


To make StinkeBabs. 


"Ake Powder 10]. of Ship-Pltch 6 }. of Tar-20 k- Salt Peter 8 /, 

Sulphur Califonia 4 1. Melt theſe by a ſoft heat together 3 and 
- being well-melted, put 2 /; of Cole-dult, - of the Filings of Horſes 
Hoots 6 4. Aſſa Foetita 3 þ, Sagapenem 7» 1. Spatula- Foetida- half a 
pound : Incorporate them well together, and put into this matter Lin- 
. nen 6r Waolkn-Cleath, or Hemp or Toec;. as-much'as will drink up 
all the matter : and of theſe make Globes or: Balls of whae bigneſs you 
pleaſe. This Globe ar Ball may be made venomous or poyſonous, if to 
. the Compoſition be added theſe things following: Mercury Suplimate, 
Arſnick, Orpiment, Sinaber, &c. | 


--*h make Powder-Pots, 


Your are commonly made of black Potters Clay, or thick: Glaſs 
round: Bottles with Eavs ta'tye Matches lighted at beth ends : 
; Fill them with dry fine Powder, and thrown upon the Deck or ocher- 
- where, they prove often prejudicial to the Enemy, and ſometimes fire 
. their own Powder-cheſis. | | SY 


Thus much tending to a Sea-Gunner. I thought it might not be 
improper to this becauſe Maſters Mates are ſometimes Gun- 
; ners too 3 and all ought to know theſe things that go to Seas 
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Uſe of the Tables 
| Logarithms. 


I. Any Number under 10000 being gtven, to find the 
Logarithm thereof. ; 


A Deſcription of the Table'of tcn Chiliaas. 


HE Lceft-Hand Colume of every page contains numbers 

increaſing in their natural Order from 1 to 999. The 

other five Columes of each page contain the Logarithms cf 

all Numbers from 1 to 999g. The five Columes on the 
Left-Hand Page have at the tops 'of them theſe Figures 

(larger than the reſt) ©, 1, 2, 3, 4+ .Thoſe on the Right-Hand 
theſe, 5, 6, 7, 8, 9. And the Numbers in the firſt Colume of 

each Page towards the Left-Hand, by the ſupply of thoſe Figures on 
the tops of the other five Columes, will exten1 thoſe Numbers to 9999, 
| and are ſo to be read. All this will be plaiit by the Examples following. 


Example 1. A Number conſiſtin of One Figure beins given, to f'ni 
che Logarithme rbereof. 


At the top of the ten Columes of the two firſt Pages of the Tebler ar 
the Figures ©, 1, 2, 3» 4» 5» 6, 7, 8, 9, and the Numbers under 
them are their Logarichms ; So the Logarith, of 4 is 0.6020699 ; whici: 

HS: Þ 


= Mos . 


Sn - — 


. - Oo—_—_ 
is the Number ſtanding under 4, and the reſt as here is expreſſed, 5x. 


Numb. Logar. Numb, Logar. 
1 0.0000000 5s 0.6989700 
, 2 . 0.3010300 6 07781512 
The Zogarichm of ” 0.4771212 The Logar. of 4 7is 0.8450980 
4 0.6020600 8 0.9030909 
9g 09542425 


Pzemple 2. A Number conſiſting of two Figures, to find the Loga- 
r1rhme thereof. | 


Let it be required to find the Logarithme of 73. Look for 7 ( the 
tirlt Figure of the given Number) in the firſt Colume of the firſt 
of the Table, and 3 ( the other Figure ) in the top; and againſt 7 inthe 
fide, and under 3 1g the top, is this Number 1,7993405 z which is the 
Logarithme of 73- And thus you ſhall find that, | 


Numb. Lagar. 
. 42 1.6232493 
The Logarithme of Ji is 1.832508g 
389 1.9493909 &c, 


Example 3. 4 Number conſiſting of three Figures, to. find the. Lo- 
garithme thereof. | By IE 


Let it be required to find the: Logarichme of 476, Look for the firſt 
two Figures of the given Number (/Y5z.47) in the firſt Colume of the 
Table, and the third Figure ( Yiz.6) at the top : And then, againſt 
47, and under 6, is this Nymber 2. 6776069 ; which is the Logarithme. 
of 476. And fo, 

| Numb,  Logar. 
241 2:3820176 
The Logarithme of ; 480 1s '2.6812412 
838. 2.9232440 &s, 


Table of Logarithms. 


Example 4. A Number conſiſting of four Places, being given, to find 
the Logarithme thereof. 


* Letthe Logarithme of 5683 be required. Look for the three firſt 
Figures, (/Y:z.568 ) in the firſt Colume of the Tables, and the laſt Fi- 
gure (Yi:z. 3) atthetop : And then againſt 568 ( in theſameline ) 
and under 3 you ſhall find this Number, 3.7545777, which is the Zo- 
garithme of 5683, Ando, 


Numb. Logar. 


2372 33751147 
The Logarithme of < 4070 is 3.6095944 
6904 3.3391008 &&c, 


And thus much for the finding of the Logarithme of any Number 
' given, not exceeding four Places. It remains now that I ſhew you howz 


IT. Any Logarithme being given, to find the 
Abſolute Number thereunto belonging. 


de are here to Note, That if the firſt Figure to the Left-Hand of 
the —_ given ( which is ſeparate from the reſt by a Point 


or Comma, 


0 I 
Bed" Then the Abſolute Number anſwering J 2 
2 to that Logarithme, conſiſts of 3 


3 4 


Places. 


This by the way of Caution : Now for Examples. 


Example x. Ler 0.8450980 be a Logarithme giver, nad the Abſc- 
tute Number anſwering thereunto be required. wt Bo 


Aa2 


BY 


4 The, Wie of the' - 

By the Rule above, the firſt Figure being © ( or a Cypher) benifies 

that the Number anſwering. thereunto confiſteth but of one. Figure, 

" Ld thercfars will -be found in the firſt Line of the hrſt two Pages of 

the Tables ; fo looking along that line, you ſhall find this Logarithme 

to ſtand vnder the Figure 7, which is. the Abſolute Number anſiver+ 
ins to tht Loararitome, 


— - » 


m=_ 


Example 2. Let the Logarithme be 1.6232493z and the Abſolme 


Number belongins to it be requi red, 


By the firſt Figure being 1, it appears that the Number ſought muſt 
; con{iſt of two Figures, _ conſcquently will be found in the g firſt lines 
. of the two firſt Pages of the Tables ; wherefore look there for the firſt 
Number, which begins wiih 6 after the 1, and that you ſhall find to 

ſt3nd againſt 4, then caſt your Eyc, or carry your Finger along that 

tine rilyou find the given Logarithme ; and ſo.doing, you ſhall find 

your givett Number to ſtand under 3,which joyned with the 4 in the firſt _ 

Colume, makes 42 for the abſolute Number belonging to the given LZo- 

garithme, 1.6232493- And thus you may find the Number anſwering 

to any Logaricbme of two places in theſe firlt g lincs. 'And fo, - 


Logar. Numb, Re 
The abſolute Number ; 1.8325089g 68 ; 


anſwering to this 1.5832764 is 38 nearcſt; 
Logarithme. 1.9493900 Bg Cc. 


Example 3. _ Let this Lovarithime 2:387 3898 be given, and its 4h- 
flute Number be required, | 


It appears that the Namber- required will conſift of 3 Places: Where- 
fore look in the Table of Logarunmes, in the Colume that hath © at the 
tzp (which is the ſecond Glas) till you find your Logarithme 

orgs given 


_— 
CT 


And fo, 


; Logar. Nunhb. 
The Abſolute Number © 2.1003705 126 
_an{wering to this 3 2.4683712 is 294 neareſt, 
* *Logarithme. 2.8712004 #743 neareſt. 


Example 4.. Let this Logarithme 3.3751147 be given, and let rhe 
Abſolute \Number belonging thereunto be required. 


"* >.< 


= 


It appears that the Number ſought will conſiſt of 4 Figures, therefore 

- look in the Colume that hath o at the top, till you find your given Lo- 

garithme'( ortheneareſt to it) and you ſhall find 3.3 747483 toſtand 

againſt 237 z then caſting your Eye along that line, you ſhall find your 

given Logarithme in that Colume that hath 2 at the Head of it; which 

2 being adjoyned to the 237,, makes 2372 for the Abſolute Number 
anſwering to the given Logarithme 3-3751147.. And ſo | 


Logar. Numb. 

The Abſolute Number © 3.85805579 7212 
E3- anſwering to this ) 35210860 iS 3319 neareſt, 
Logarithme, 3.23816403 1913 neareſt, 


If you cannot find the dire Logarithme you look for in the Table, 
you muſt take the neareſt therevn:o. As by the Examples above you 
may ſec 1s done. f 


From 


ET by | The Ue of the 


p” 


From hence then *tis evident, that it is but the changing the Carefure 
( or firſt Figure to the Left-Hand ) of any Logarithme, and you may 
take the Logarithme off a Number to the ,; part, or the ,.* part of a 
Vnit ; for here the CaratFure of 59 was 1.7708528, and the Cara&yre of 
59-0, which may be 59 ,$, is 2.7708528 ; which is the ſame as the 
other, excepting the Caraure, or firſt Figure towards the Left-Hand ; 
or if you take 59. 00, which may be 59 ,$8, the Logerithme anſwering to 
5900 is 3.7798528. And thus you may take the Logarithme of 2 
Number with a Fratt:on annexed. 


Example 5: To find the Logarithme wich « Decimal Frattion 
annexed. 


Admit I would know the exaCt Logarithme of 38 ,5. Dll ſet it 
down as a whole Number 382, and ſo look for the Logerithme of it, 
and it is 2.5820634. I fay then this is the Logerich-re to 382, or 38 ,*, 
The like for any other. 


Example 6. To find the Logarithme of 4 Whole Number with 
Vulgar Frattion annexed, io 3 


Let the Number be 31 5, I deſire to know the exatt Logarithme of 
it : ll reduce my Whole Namber and Fra@ion into an Improper Frafti- 
on, by multiplying the Whole Number by 7, and it makes #43, to which 
I add the +, and the Total is 244 : This done, S: bſtraft the Logarirhme 
of the Denominator of the Improper Fraftion from the Logarithme of the 
Numerator of the ſame, and the Remainder is the Logerithme of the 
Whole Number and Fraftion, 

Example. 


The Numerator — 222 — 2.3463530 
The Denominator — —7 —— 0.84 50980 
' The Logarithme of 314 is— 1.5012550 


Thus much for the Uſe of the Table of Logarirhmer. 


THE 


THE 


Uſe of the Tables 


Sines « Tangents 


T the top of each Page of the Tables are fet in- large Fi- 
gures the Number of each Degree of the Quadrant, thus, - 
1 Grad. Signifying 1 Deg. &c. going to 45 Grad. . And 
in the firſt Coliime to the Left-Hand, is the Minutes from of 

\ to 30', having M at the top, and beginning on the next. . 

Page at 30, and ſodown to 60 Minutes : and ſo they go forward to 

45 deg. And under ney Degree, and againſt every Minute,is marked 

Sine : Sine, Co ent : Tangent ;, and Tangent, Complement. And from. 

45 Degrees the ables ran backwards ( with the Degrez below in lar-. 
er Figuzes ) to 90 deg. the Afinutes upwards having M under them, 
ipnilying Minutes : And under the Columes below is alſo written, 

angent : Tangent, Complement : Sine : Sine, Complement. | 


». Example 1, How to find the Sine ®&r Tangent of any Degree. - 
and Minute. | : | 


Look againſt the Minute of that Degree under Sine, and yoa have- 
your Deſire : If your Degrees and 4finutes be under 45, look for it 
from the Sine or Tangent named at the top of the Table ; if mor? than -. 
45 Degrees from the Si2e or Tangent, named at the dottom 3. As; 


TS 
; he 
k &s 


3 Ee The Uſe of the 


9.579777 — above. 
96136407. 


The Sine of 22 deg, 20' is 
The Tangent of 22* 20' is 


If you were to take the Sine Complemebr of 22" 20, or the Tangent 
Complement, take ir ſo under Sine Complement ; or for. a Tangent Com 
plement, gender Tangent Complement, 

Bur if you were to take the Sine or Tangent of 56* I5', or any other 
above 45*, take it from below-: ſo the Sine of 56* 15 is 9.9198464, 
the Tangent of it is 10.1751 074,the Sine Complement of it is 9.7447390, 
the Tangent Complement of it is 98248926. | 

If you would find the Degree and Minute anſwering to aty Loga- 
rithmatital Sine or Tangent, look for the neareſt to it, and againſt it 
is the Afinute, and over them the Degree, if under 45*; or if it exceed 
45*, you will find the ine againſt it to the Right-Hand, and the 


Degree below, thus, 


This Logarithmatical Sine 94704548 —— is — 17 un 
This Logarithmatical Tangent — 9.4902858 —— is —— 17* 11 


Or Below, 


This Sines Logarith. —— 9.9678763 — is —— 68* 14 
This Fangenss fagarith. ——=— 10.3987042 — iS — 68* 14 


T have ſhewed how to take a Complement Arithmetical already, but 
leaſt you ſhould not meet with it, I bave here done it. 
| Whatſoever the Logeri of any Sine wants ( the fingle Figures 
one by one) of 9g, take, inſtead of the Figures themſelves; Thus, 


The Zogarithme, if 56* tF', —— is —— 9.9198464. 
The Complemem Aruthmetical — is =— 0.0801 $35. 


- The 


Table of Sino and Tangents 


The like of a Sine Otlglements Logarithme. 


The Complement Arithmetica! of a Tangent, or Tangent Complement, 
is the Tangent Complement of that Tangent, or the Tangent of that 
Tangent Complement: Thus, 


The Complement Arithmetical of 42 56, 15 is 9.8411871. 
The Compl. Arith. of Tang. Compl. 56* 15 is 101588128. 
The like of any other. 

Q 


viT6 find the Arch anſwering to any Artificial Sine or 
Tangent. 


' Suppoſe I have this Artificial Sine 9.5403719, and the Arch be re- 
'* quired that this is the Sine of. 
..Llook in the. Catume.of Sines,. and find not exattly-the ſame, butthe 
neareſt greater than it is. _ —— 9.5405903, 
I look and find the neareſt leſſer to. be _——— 9g.5402489 


I Subſtra& theſe one from the other, & the dif. is-0.0003414. 


Alſo Pll SubſtraCt the leaſt from the Sine given 9.5403719 
9.5403489 


_— — 


And the Remainder is ——-— 2 30 


Pll fay now by the Rule of Proportic::. | 


As the greater difference ———po— 44 
Is to the leſſor difference « — - ©0230. 
$0 18.60 Secongs, that is, 1 to a. fourth . Number, 


The Tis of the es 
3414) 13800 (4. Qugrorrr, 


13656. | 


We I—r—_—_ 


144 Remainder. 


Facit 11” and ſomething more. 


Then I conclude, That the 4-ch anſwering to the Sine gives, is . 
more than the neareſt, leſs than it ( which is 20* 18' ) by 4 Seconds : 
So that the: trne Arch to that, Sine-is, (leſs than. a Second "207 18" 
4 Sec. Thelike is to be underſtoodof a Tangent, &c. 


To find the Artificial Sine or Tangent anſwering to an 
Suppoſe the Arch given be 31® 10' 11 ſec. I' demand the Shvean- 
ſwering this Arch. : 
I look in the Tables, and: find the Sine anſwering to 31 wa 


9-7139349 : the Sine anſwering to 31* 11' is 9.7441437 :- the 
of theſe is 2088 (for but 1' of ay. or 65 ſer. Y I ſay then, 


' As 60ſec. is to 11 ſec. 
.Sois the diff: 2088 to a fourth Number; | 
Which 1 find to be 382 : this add to the leſſer Logarithme of the 

Sine 9.7139349, and it makes 9.713973 1, the Sine anſwering to the 


Arch 31* 20 11 ſec, ; 
And the Reaſon is evident; for ( as my Father Mr. Richard Nor- 


-wood faith, ) 


As the difference of any next two Logerithmes 
Is to any part-of- that r— Anand | 

Soi difference of-the two- Numbersto whie-they belong) 
To the Proportional part of thu difſerenec; andthe contrary. 
| Theſe 


It 


Theſe Thi | gouniſe (in ſeveral places ofthis Book 
to write of ; that fo the Learner may be able to nx 


wri 
thing (that requires ſuch exaQnes ) t nY 
; cur 5, 0h 6orh. re of 2 ——— 
a or the , of 
Minute of Time ; is the T” 
x00 part of a Mile 
or Foot, &c. 
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CONTAINING. 


Ten Chiliads 
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| FO R 
| Numbers increaſing in their Na- 
_ tural Order, from 1 to 1000. 
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Encyclologium, 


OR THE 


Sliding Circles, 


The Argument- 


It is not my preſent Purpoſe in this Book to Treat of 

all the Uſes of this Inſtrument, which is ſo Univer- 
| ſal, that it: Anſwers and Reſolves all Queſtions of 

Proportion, Irigonomitry, Arithmatick, 
Gunnery, Menſuration, Square and Cube- 
Root ; and alſo Gauging, that requires a more 
particular Diſcourſe : But of this I ſhortly intend 
to write more largely in a Treatiſe by ir ſelf. [ 

therefore confine my ſelf only to fo much as pertains 
to Navigation. 


"CHAP! I 


The Deſcription and Uſe of the Inſtrument. 


1. F' PON the on:moſt Ecige of .his Inſtrument in that Cir- 
cle, is atr. blc Line of N;zmbers, r-rcetimes repeated, - 
; hegznning, aud £ncing ai lne Rodin AS, Giaiuetid 
from one to ten NG rom «Nwa int rec {and it you 
pleaſe) from heiice tc * +  »{an:{, ending ac Lac line AB, as dy tae 
Figure of the Inſtiumwii. will appear. X 2,.Un;; 


tt 
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2. On the next graduated Circles is a double line of Nambers 
' repeated, beginning and ending at the Radius Line A B, from one 
to ten, and ſo on toa hundred ; as in the Figure. 

3. Onthenext graduated Circle is a ſingle line of Numbers, be: 

ianing and ending as the others, from one to ten, at the line AB. 
heſe three outermoſt graduated Circles are fixed; but the two 
graduated Circles next within the pricked line, are moveable. 

4. On the outer edge of theſe ſliding Circles, is another ſingle 
line of Numbers, graduated as the laſt ; and in the Circle juſt under 
it, next to the innermoſt edge of the ſame liding part, is a linz of 
Sines, in two Circles from 1' to 90?, and within it is another prick- 
on =_ The next Circles within the ſecond pricked line are 

XE . 

5. On the outermoſt edge whereof is a line of Sines of the ſame 
Radius, beginning and ending as the former. 

6. On the innermoſt edge of this fixed part is a Tangent line in 
two Circles, from” a Afinute to 45 Degrees, ending at the line 
A B. 

7. The innermoſt Circles of all is another ſliding part, whereon is 
a Tangent line, beginning and ending as the former. 


CHAP. IL 


A. 
& 


Multiplication, &c. perform'd by this 
Inſtrument. 


—_— 
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T9 multiply 12 by 12; look on the ſingle line of Numbers on the 

fixed part for 12, where the Radius line muſt be accounted for 
one, ard two of the grand Decimal Diviſions for 2, at which is 12,and 
againſt ir in the double line of Numbers is 144 3 Which is the Pro- 
duct ; and againſt that inthe treble line of Numbers Is 1728. 


Sup- 


Sliding Circles in Arithmatick. 


Suppoſe in a ſquare - ſolid piece of Timber of 12 Inches, 1 woul 
know how many Cubical Inches # contained therein ? 3 Me n 


I look in the ſingle line of Numbers on the fixed part for 12, and 
againſt it in tie double is 144, and againſt tl:ar in the treble line is 
1728; which is the number of Cabical Inches contain®d in the Piece. 


By theſe two Examples you may multiply any Number by it ſelfo 
' being equal, wichout moving the ſliding Circles; and alſo find the Cu- 
bical Inches of any ſolid Body : Asalſo in 


Diviſion, without moving the ([1ding Parts. 


Todivide 1728 by 12, look for 1728 in the treble line of Num- 
bers,and on the ſingle lice js 12 againſt ir, which is the Deviſor;z & in 
the double line of Numbers, and between both. in the lines, is 144; 
and ſo many times 12 you have in 1728. And thus .you may divide 
any other Numbers, 


Suppoſe the Number given were 1728 pence, and you would have 
it in ſhillings, divide it thus by 12 ( the number of pence in a ſhilling) 
and the Quotient is 144 ſhillings ; which being computed, is 7 /. 
45. 04. TJ * 

And note : That this Inſtrument is divide] and graduated De- . 
cimally from one to ten, and fo to a hundred, a thouſands; cvery 
tenth 13 ſuppoſed to be divided into ont hundred parts ; the ſmalleſt 
Numbers are Decimals to the next greater Numbers, and the ncxt 
greater Numbers are Dec:mals to the figurcd Numbers, 


So if you were to compute any Sum 11 pounds, every pound iz 
divided into ten, or one hundred parts of a pound; and it the {me 
Number be acconnted as ſhillings, then every li:iliing is Gividee 13to 
10, Or 109 Parts of a ſhilling ; if the ſame Number be accounted 
pence, its 10, 07 100 parts of one penny 5; and the {:m2 of ſorctiings 
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The Golden-Rule, or Rule of Three 


If 1 Tard of Cloth coſt 45. 3 d. what will 80 Yards coſt ? 


To work this, flide 1 on the moving line of Numbers, to 4.25 
pts. on the fixed line, and againſt 80 in the moving line will bz 
340 on the fixed lines, 


Now bring it into pounds, thus, 


Slide 20, the number of ſhillings in a pound, . in the moving lins, 
to one on the fixed line of Nambers, and look for 340 in the mov- 
ing line 3 againſt it, on the fixed, you have 17; which is the numb. 
of pounds contain'd in 340 5. 


To revert the ſame Queſtion, thus, 
If 80 Yards of Cloth coſt 17 l.or 3405. what will 1 Yard coſt ? 


Slide 340 in the moving part, to 80 on the fixed, and againſt i in 
the moving line, will be 4-y p:s. on the fixed line of Numbers ; tie 
4 is ſhillings, *and the 15 13 many parts of 100, into whic!: the 
ſhilling is divided ; ſo you have 3 d. and 4 5. before, that is, 4 5. 3 d. 
one yard will coſt gou. 


If one pound of Tobacco coſt 4.4. 1 q. what will $0 pound coſt ? 


Slide 1 on the moving linz of Numbers to 4.25 on the hxed line, 
and againſt 80 on the moving line, will be 340 on the fixed line ; 
which is the Product in pence. 

Note, That if tie 85 had been 8001. then the 345 had been fo 
many pence z if 8000, then the product of this Number would be 
34900 4. which mzy be brought i2:o pounds or ſhil.ings, 2s 2bove is 
Lawgit. 


Sliding Cireleg in Arithmatick. = 


Suppoſe there ſhould be 8 Seamen come home in one Ship, whoſe Wages 
came to 1241. A had301. due for Wages, BandC 171. 4 picce, 
Dis 1. E144. F121, G1ol. H 81. By reaſon of ſome great 
neglett of thefe men, the Goods laden upon the ſaid Ship ſuſtained Dam- 

-" omave ro the value of 401, ro be paid ont of theſe Mens Wages. Tye 

\Queſtion 1s, What each Man ought to pay ? : 


To perform this, add all the Seamens Wages into one Sum, 


which you will find comes to 124 4. 


" Slide 124 ( the whole Sum-of their Wages ) to 40, the Dammage 

1 ih« ized line of Numbers ; the Inſtrument thus pl:cyd, againit 

t;.- Sum of each Man's particular Wages in the moving line, oppo- 

{:': to 1t on the fixed line, you have each Man's part which he ouglht 
"iy 3 A$, 


-1;ſt. 11ook for 30 in the moving line of Numbers ( 301. being, . 
*-. Sum A was to have) againſt it, on the fixed line of Numbers 
- un have 9 and 700 prs, Which is9 1. 14 5. 


Forthe Wages of BandC, 171. apiece; look for 17 on the moy- 
in” !in2, and a!;..inſt it on the fixed line is 5 and 5oprs, which ls 5 /. 
10 4.2 piece : And thus, 


if you look, without moving.the Inſtrument, for the Sum of every 
Man's Wages on the moving line, againſt it on the fixed you have 
the Sum which cach Man ought to pay. 


D's Wages 161. muſt pay 51. 35, G's Wages 10/7. muſt pay 
31. 45. and H*'s Wages 81. muſt pay 21. 125. 


A Queſtion in Fellowſhip Reſolved by 
this Inſtrument. 
Five Men, A,B, C, D, and F, put 300l. imo a Stock, by wh:c; 


Stork.tney gained gol, Apirrin841. Bpurino2l, Cpuringsi. 
I 2» 
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D put in 541. and E put in 421. being added, make 3001, Th 
Otettion is, What Poo i each Man's Proportion ? F 


Slide 3 ( which repreſents 300) to 5o, on the fixed line, then a- 
| _ the Number or Proportion of each Man's Stock in the moving 
inc, azainſt it, on the fixed, is the Gain which each man muſt have. 
* I look for As part 84'in the moving line, againſt it on the 
fxed is 141. then look 72, Bs part in the moving line, againſt it - 
on the fixed is 121. then look for. 48, C*s part in the moving line, 
and zgainſt it on the fixcd is 87. then I look for D's part, 54 in the 
moving line, and againſt it onrhe fixed is 9/. then 1 look for 42, the 
Stock which E put in, in the moring line, and againſt it is 71. each - 
_ pars being added, makes 5o /. the whole Protit of the abovye- 
aid Stock. 


—_ —_—_— 
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The Uſe of the Sliding Circles 7» the Re- 
ſolving of Right-Lind Plain Tri- 
angles. 

| CASE I. 


Dmit the Baſe given to be 40. deg, and the Angle at the. 
A Baſe 33 deg. 45 min. 1 demand the Perpenaicular and 
the Hypothenuſe ? 
vp The Proportion. 


As the Sine of the Angle B 56* 15, 
Is to the Sine of the Argle A 33* 45 5 
So is the fide AC 4c, 
To BC 26.73 the Perp-ndicular, 
Caſe. 


Sliding Circles fn Right-lin'y Plain Triangles. 
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CASE I. 


Again, 
As the ſide 26.73, 
Is to the ſide 40 ; 
Sois the Radius, 
Tothe Hypot henuſe. 


26-75 


Which is 48. 11 


A 4-000 C 


Move 56* 15 theſliding line of Sines, to 33* 45' on the fixed line 
of Sines, and without aiy other motion, look for 40 inthe ſingle line 
of Numbers ;, again chat, oa the fixed line, you have 26.73, which is 
the Perpendicular required. 


Next, To find the Hypothenuſe. 
CASE IL 


The Proportion, 


As the Sine B 56® 19 ,is to the Radius or Sine of 90; 
Sois the fide A C40, in proportion to the Hypothenuſe 48.11 


Move 56? 15' in the ſliding line of Sines, to the Radius, or Sing of 
90 on the fixed line of Sines ; then look for 40 iu the fingle line of 
ewes war and againſt it you bave 48.11, which is the Hypothepufe 
required, | IO 

Revert the ſame Caſe, thus ; 


CASE IV. 


Aamit the Angle, and Perpendicular were given, to find the Baſe 
and Hypothenuſe ? | 
As the Sine A upon the inner line of Sines, 
Is to the Sine B, on the outward line of Sines, 
So is B C on the inner line of Numbers, 
To A C onthe outward line of Numbers. 
' Whichis 40 againſt it, The 


"8 "The Ute of the - 
The like may be done for the Hypothenuſe, if you uſe the "ay 
pendicular as you did the Baſe, in the Ciſe before this. 


CASE V. 
The Hypothenuſe and Angle given, to find the Baſe and Perpendicular. 


Suppoſe the Hyporhenuſe be 48.11, and the Angle Abe 33* 45' I 
demand the Baſe AC, and the Perpendicular BC?- y 
As the Radiu or Sine C go, 
Is to the Sine A 33* .45'3 
$9 is the ſide AB.48.11, 
To the ſide BC 26.73- 
Slide the Radixs, or 90 in the moving line of Sizes ; to 33* 45' on 
the fixed line of Sizes ; look 48.1 1 on the fingle linc of Numbers ; and 
againſt that on the fixed line, you have 26.73 for your ſide BC, 


As the Radius go on the moving Sines, 
Is to 56* 15 on the hxed' Ser ; 

So is A B 48.31-in;the moving line of Numbers, 
To 40 AC in the fixed line of Nuwbers, 


Againſt it is the Baſe required, 
CASE VL 


The Hypothenuſe and Baſe being given, to find the Perpendicular 
and the Angles. ' ' , | 
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Let the Hypothenuſe A B ( as beſore) be 48.11,.and the Baſe 4o, 
I demand'the Angles ? | 


AsBA48.11, Is to AC40;, So.is the RadizsC, Tothe Swe B. 


Slide B A 43.11 in the ſingle line of Numbers,ro A C <0 on the 66> 
line of Numbers ; and againſt gu in the {liding {in- of S-es you find 
56* 15 on thehxed line of Sees, which is the *n»vic R; wiici: be- 
ing ſubſtrated out of go, remains 33* 45, a1 is your Ang'e ai As 

As the Racrius C99, Is foatie fn A 33® 45" . 
Solis tie Fae AB, To BC requiiu, 

Move go* in the ſliding ting of $in-c, 10 222 45' on the fixed Tineof 
Sines,& where 48.11 (the ſfifteB Afis inthe i; viig line of Number: , 
Wainlt thet on the fixed line is 26.73, ce fide C B required. : 

- C A ky 


Sliding Circles in Arithmatick, 27 tony 


Suppoſe there ſhould be $ Scamen come Home in one Ship, whoſe Wares 
come to 1241, Ahad 301. due for Wages, B and fy —_ piece, 
Dis1l. E141. Fi2zl. Giol. H8l, By reaſon of ſome great 
Neglet# of theſe Men, the Goods laden upon the ſaid Sop ſuſtained 
Damage to the walue of 401. to be paid ont of theſe Mens Wares, 
The Queſtion is, What each Man ouzht to pay? | S 


To peiform this, add all the Seamens Wages into one Sum, 
which you will fiad comes to 124 /. 


Slide 124 ( the whole Sum of their Wages ) to 40, the Damage 
on the fixed line of Numbers; the Inſtrument thus placed, agaliſt 
the Sum of each Man's particular Wages in the moving Line, OPPo- 
ſite to ic on the fixed Line, you haye each Man's part which he ought 


to pay, As, 
Firſt, I look for 30 in the moving Line of Numbers ( 30, being 


he Sum 4 was 0 have ) againſt ir,- on the fixed Line of Numbers 
you have g and 690 prs, which is gl. 135. 104. 


For the Wages of Band C, 171. a piece; look for 17 on the mo- 
' ving Line,and againſt it on thetixed Line,is 5 and 50 pre. which is 5 1. 
105. a piece ; And thus, 

If you look, without moving the Inſtrument, for the Sum cf every 


Man's Wages on the moving Line, zgainſt ic on the fix-d you have 
the Sum which each Man ougit to pay. 


D*s Wages 16 /. mult pay 57. 35. 34. Es Wages 141. mult pay 


41. 10s, Ps Wages 121. muſt pay 31. 175, 54. G's Wages 10. 
muſt pay 3. 45. 74. and Fs Wages 8/ muſt pay 21. 115. 104, 


A Queſtion in Fellow{hip Reſolved by 
this Inſtrument. 


Five Men, A, B, C, D, and E, put 300 |. into a Stock; by which 


Stock they gained 50, Aputsin 34 1, Bputing21. © put in 431. 
X D put 
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D put in 541. and E put in 42 1. being added, make 2001, The 
Queition 1s, What Profit is each Man's Proportion ? 


Slide 3 ( which repreſents 300) to 50, on the fixed line, then a- 

inſt the Nymber or Proportion of each Man's Stock in the moving 
ſve, againſt it on the fixed, is the Gain which each man muſt have. 
© I look for As part 84 in the moving line, againſt it on the 
hxed is 241. then look 72, B's part in the moving line, againſt -it - 
on the fixed is x27. then look for. 48, Cs part in the moving line, 
and 2gainſt it on the fixcd is 87. then I look for D's part, 54 in the 
moving line, and againſt it onthe fixed is 9g. then lock for 42, the 
Stock which E put in, in the moving line, and againſt it is 71. each 
_— _ being added, makes 50 /. the whole Protit of the above- 

aid Stock. 
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CHAP. 1. 


The ſe of the Sliding Circles in the Re- 
ſolving of Right-Lind Plain Tri- 
angles: 

CASE I. 


Dmit the Baſe given to be 40. deg, and the Angle at the. 
A Baſe 33 deg. 45 min. 1 demand the Perpendicular and 
the Hypothenuſe ? 5 

| The Proportion, 


As the Sine of the Angle Bg6* 15, 
Is to the Sine of the Argle A 33* 45'; 
So is the ſide AC 4c, 
To BC 26.73 the Perp-ndicular, 


Sliding Circles in Right-lino Plain Triangles, 


CASE I 


Again, 
As the ſide 26.73, 
Is to the ſide 40 ; 
So is the Radius, 
Tothe Hypot henuſe. 


26753 


Which is 48. 11 


A 4-000 C 


Move 56* 15 theſliding line of Sinzs, to 33* 45' on the fixed line 
of Sines, and without. ay other motion, look for 40 inthe ſingle line 
of Numbers ; again that, on the fixed line, you have 26.73, which is 
the Perpendicular required. 


Next, To find the Hypothenuſe. 
CASE I0L 
The Proportion, 


As the Sine B 56* 15 is to the Radius or Sine of 90; 
Sois the ſide A C40, in proportion to the Hypothenuſe 48.11 


Move 56? 15' in the ſliding line of Sines, to the Radius, or Sing of 
go on the fixed line of Sines ; then look for 40 iu the fingle line of 
ut and againſt it you have 48.11, which is the Hypotheoufe 
required, ws, 

Revert the ſame Caſe, thus ; 


CASE IV. 


Aamit the Angle, and Perpendicular were given, to find the Baſe 
and Hypothenuſe ? | | 


As the Sine A upon the inner line of Sines, 
Is to the Sine B, on the outward line of Sines, 
So is B C on the inner line of Numbers, 
To A C onthe outward line of Numbers. 
' Whichis 40 againſt it, The 


3 \The Uſe of the of 
The like may be done for the Hypothenuſe, if you uſe the os 
pendicular as you did the Baſe, in the Caſe before this. 


CASE YV. 


The Hypothenuſe and Anole given, to find the Baſe and Perpendicular. 


Suppoſe the Hyporhenuſe be 48.11, and the Angle Abe 33* 45', 1 
demand the Baſe AC, and the Perpendicular BC? s 
As the Radiu or Sine C go, 
Is to the Sine A 33* 45"; 
$9 is the ſide AB. 48.11, 
To the ſide BC 26.73. | 
Slide the Radixs, or g0 no nondeg ſins of Sines; to 33% 45' ON 
the fixed line of Sizes ; look 48.11 on the fingle linc of Numbers; and 
againſt that on the fixed line, you have 26-73 for your ſide BC, 
As the Radius go on the moving Sines, 
Is to 56* 15 on the hxed Swmes ; 
So is A B 4$.x1-in;the moving line of Numbers, 
To 40 AC in the fixed line of Nuwbers, 


Againſt it is the Baſe required, 
1 
CASE VL 


The Hypothenuſe and Baſe being given, to find the Perpendicular 
and the Angles. i | | ; 


Let the Hypothenuſe A B ( as beſore) be 48.11, and the Baſe 40, 
I demand the Angles ? | 


ASBA48.11, Is to AC40;, So.is the Radim C, Tothe Swe B. 


Slide B A 48.11 in the ſingle line of Numbers,ro A C 4c un the 6:64 
line of Numbers ; and againſt gu in the fliding *in- of S-es you find 
56* 15 on thefhixed line of Sees, which is th: * n»vic R;, wiics: be» 
ing ſubſtraed out of go, remains 33* 45', an is your Ang'e at As 

As the Racins C99, Is rotie Sine Þ 33% a5, 
Sois tie fade AB, To RC requinuy, 

Move go* in the ſliding !ine of $inr7,10 232 45) 01 the fixed Tineof 
Sines,& where 48.11 (the ſittBAfis inthe i; viig line Cf Number: , 
1ainlk thet on the fixed line is 26.73, che fide C B required. . 
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CHAP. IV. 
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The Uſe of this 


INSTRUMENT 


6 T N 

3 Ere I undertake not (as 1-before acquainted you) t 
give inſtances of all the Caſes this Inflramcac a 
reſolve, but to ſeleRt ſome only to exerciſe and im- 

| prove the ous Marriner., for whom I need not 

be the Circles of the Sphere or Globes, it being ſufficiently 


. - done in the beginning of my Syſtem of Navigation, wherein I 
ſuppoſe them throughly inftrattea before. = *- 


QUESTION I. 


The diſtance of the Sun from the neareſt Aquinoitial point 
(either Aries or Libra) $58 degrees being given, to find 


his Declination. 


+ 
wy 
% 
4 


As the Radius go, 
Is to the Sine of the Suns greateſt Declination 23* 30'; 
So is the Sine of the Suns diſtance from the next Xqui- 
noctial part Libra, 58*, 
To the Sineof the Suns preſent Dcclination, 19® 45", 
Y Movs ' 
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Move the Radius go in the - flidin Sines, to 23* 30', on 
the fixed Sines (che Suns greateſt Deciina tion) & againſt 58* in 
the moving Sines , you have 19* 45', Which is the Suns preſent 

- Declination, 


- 
The like Declination the Sun hath when he is in 28* 20' of 
Taurm, in 1* 40' of Leo, 28* 20' of Scorpio , every of which 
are diſtant from one of the Equinottial points Aries. or Zibra,. 
58* 45 + , 5 


QWESTION Il 


The Latitude of the place 5x "degrees 30 minutes, and the 
Declination of the Sun. 19 degrees 45 minutes, being 
given, t6 find the Aſcenſional difference. 


As the Co-tangent of the Latitude 38* zo', 
1s to the Tagent of the Suns Declination 19 45' ;; 
, So 3s the lus $0. 
To the Sine of the Aſcenſional Difference; 26* 45'.. 


Move 38* 3o' (the: complement | of the Latitude) in thefljdir 
Tangent, to 2.9% 45" (the-Suns Declination)' look on the Line of 
Sjnes, & againſt the Radius of 'the moving Tangent, is 26* 45' the 

- Aſcenhonzl difference z which is the time the Sun Riſeth or Setteth- 
before Six a Cicck. 

S? if this 26* 45 being. turo?d into time, by allowing 15* to 
zn Fcur, and one Ccgrce fcr fcur minutes of time, being compu-' 
cd IS 1þ..47, , ana ſo muc!,doth the funriſe before or after the havr 
cf 6, acccrcing to the time or ſr:ſon, cf the. Year. 

For it- the: $un hath Nerth Dcclinaticn, he Riſeth before 6, 
if South Decliraticn, after 6. The Aſccnſional Cifference being 
weld to Six licurs (the tire cf Necn) will give. you the Semi- 

. ciurncl Arch, er kelf. Jergth cf ule Day; +nd being Subtr:zd 
lrem 6 levrs, will leaye yer the Scnci-reAurnal Arch, or talf- 
lIerpt.cf-the Nogtt-. 


QUESTION. 


Sliding Circles in Alronomy. 


QUESTION NM 


The Latitude of the =_ T degrees 30 minutes, and the De- 
clination of the Sun being given, to find the Amplituae, 


As the Co-ſine of the Latitude 38? 30', 
Is to the Radius ; 
_.. $o the Sine of the Suns Declination 19* 45* - 
To the Sine-of the Amplicude from the Eaſt or Weſt points of 
Horizon, 32* 50'. 


Set 38* 30' (the complement of the Latitude in the fliding 
Sines ) to the Radius or Sine of go on the fixed ; then againit 
r9* 45 (the Suns Declination) in the _—_ Line of Sines, is 
32* 5o', on the fixed; and fo much is che Amplitude at fuch 
time as his Declination is 19* 45+ 

Suppoſe the Suns Declination were 26* oo", then without 
altering the Inſtrument from the places they were firſt ſet to, 
_ 20* on the moving Line of Sines, is 33* 10' on the 


So againſt any other Declination on the moving Line of Sines, 
on the fixed, is the Amplitude of the $Sunor a Star. 


QUESTION 1V. 


The Latitude of the place 51 degrees 30 minutes, and the 
Declination of the Sun 19 degrees 4.5 minutes being given» 
= \-- the Angle of the Suns Poſition at the time of his 

ng . 


The ion Is , 
As the IDS Declination 70* 15', 
c Is to the Radius go; - 
$o isthe Sine of the Latitude 51* 30", to the Sine of the Angle 
of the Suns poſition at the time of his Riſing, 56* 00. 


Y 2. | 2 Slide 


— 
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lide 70? 15 on the moving Sine (the complement of the decli- 
nation) to the Sine of 9o* the Radius, on the fixed Sines, then 
againſt 51* 30' (the Latitude) on the moving Sines is 56* oo' 
on the fixed, being the Angle of the Suns pofition at the time 
of his Riſing. 


QUEST.ION V. 


The Sun; Declination 19 degrees 4.5 minutes, and his Ams- 
plitude 3 2 s 5o minutes from the Eaſt or Weſt 
part of the Horizon being given, to find the Latitude. 


| The Proportion is, . _. YO 
As the Sine of the Amplitude from the Eaſt or Weſt 32* 50', 
Is to the Radius go*? ; ; | 
So is the Sine of the Declination 19" 45, 
To the Co-ſine of the Latitude 38* 30. 


. Slide 32* go' the Suns Amplitude, to the Loeper GRogs 90. 

0n the fixed part; then look for 19* 45' the Suns Declination , 
and - againſt it on the fixed Sine is. 38* 30', the Complement-of 
the Latitude $1* 30”; | 


QUESTION VI. 


The Suns greateſt Declination 23 degrees 30 minates, with 
his Diſtance: from the next Aiquiottial point Aries, or + 
Libra, 58 agrees ; being given, to find « the' Right 
Aſcention. - | | 
The Proportion is, 

As the Radius go, 
Is to the Co-ſine of the greateſt Declination 66* 30'; 
S0 is the © diſtance from the next EpuinoCtial point Aries, 


s 


To the Tangent of 55* 44. . - 


Slide 66* 30 on the moving Sines, to 90* in the fixed Sines ; then 
bring 45* on the moving Tangent, againſt goin the Sines : then look 
for 58* ( the ©*s diſtance from Aries ) inthe moving Tangent, and 
againſt ic ( in the fixed Tangent) is 55* 44'. Queſtion 


[OE 
CUE 
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QUESTION VL 


The Latitude of the place th degrees 3o minutes, and the 
. Suns Declination 19 degrees 45 minutes being given ; 
ro 4 at what hour the Sun will be upon the true Eaſt 

or Weſt points, 


The Proportion is, 


As the —_— of the Latitude 51* 30', 

Is to the Tangent of the Suus Declination 19® 45'; 
So is the Radius go' , 

To the Co-ſine of the hour from Noon. 


Slide the Tangent of 51* 30' the Latitude, tothe Tangent 19*® 

4 on the fixed; then againſt the Radius 45*, on the moving 

angent _ have 16* 45 on the line of Sives ;. which is the Com- 

tofthe Time from Noon, that the Sun will be due Eft or 

et; and: being turned into hours, wilt be 4h. 48'. So that the 

© when he hath 19® 45' of Declination, he comes to the Exft Point 

at 12' paſt 7in the Morning, and will be due Weſt 48 paſt four 
in the Afternoon, 


© QUESTION ' VIL 


Having the Latitude of the Place 51 deg. 3o min. and the 

Sun's Declination 19 deg. 45 min. given, to find what 
Altitude the Sun ſhall have when he « on the true Eaſt 
. or Welt Points. | | 


"The Proportion is, 


As the Sine of the Lat. 51* 20) 
1s to the Sine of the Declination 19* 45' 3 
So is the Radius go, 
To the Sine of the ©*'s Altitude 25* 35 . 
Side 


. 
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Slide the Sine 51* 30' (the Lat.) to 19® 45' on the fixed line 
of Sines, being the Declination, and look for'go on the moving 
Sines, againſt it you find 25* 35 , the Altitude the @ will have 
when heis on the Ex or Weſt Points. 


RUESTION IK . +: 


The Latitude of the place 5x deg. 30 min. and the Sun's 
Declination 19 deg. 45 min. being given, to find wha 
Altitude the Sun ſbell have at the body of fix. 


The Proportion is, 
"As the Radius go*, | 
|  lstothe Sineof the ©'%s Declination 19* 45'; 
Sois the Size of the Latitude 51*.30'* pon 
To the Sine of the ©*s Altitude at the hour of ſix, being 
15* 24. ig ans. | 
Slide the Sive of go to the Sine of 19% 45' ( the ©'s Decli- 
nation) on the fixed Sizes z then look. for $124 ( the Latitude) 
on the moving Sinex, and againft+it you have the Sive 15” 24 3 
the Altitude the © will have ar the hour of fix. = _* | 


Theſe Quaſtions- might be increaſed to' an inlinite number, or 


reverted by the ſame Rules ; which being ( as I ſaid before ) 
not my preſent purpoſe, ſhall therefore leave it to the Exerciſe 


of the more ingenious Marriner, whereby theſe hints may make 
fuch of the Uſes of this Inſtrument, as will highly an- 
ſwer Induſtry. 


CHAP. 


CHAP. V. 


The Uſe of this. 
Inſtrument 
GUNNERY 


QUESTION L 


Kyowing the Diameter and weig ht of one Iron Shot, to find. 
the weight of a greater or leſſer Shot of the ſame Meetle. 


Suppoſe an Iron Shor of 4 Inches Diameter: weighs 9.16, what ſhall a: 
Shot of 8 Inches Diameter weigh ?. 


ſhot-to the Diameter of the greater. 

Therefore ſlide 4 in the moving line of Numbers, to- 

8on the fixed, then againſt 9-( the weight of your ſhot of 

4 Inches) in the moving line, you have 13 on the faxed line; ten: 
without moving your Inſtrument, look for 18 in the moving lin, 
and againſt ic on the fixed line will be 3s ; now look for 36.in 
the moving ltae, and again{t't hat on the fixed you have 72: wii 

is the tne weigit of your ihot required. | 

The ſa:ne Qicſtion Reſoiveil another way. 


| 'T O perfor m. this, you-muſt ſlide the, Diameter of the leſſer 


= 


Iz. 


” ” nu Wear 
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If an Fron Shot of 4 Inches Diameter weiohs 9 ih, what ſhall an Iron 
Shot of 8 Rs ares weigh ?, 4 : ' ſhall 


bd 


All Bullets having a Cubical Proportion one to another ; as, 
Arithmatick, the Cube of 4 is 64, and the Cube of 8 is $12. ” 


To find the Cube of the two Diameters above mentioned. 


Look for 4 on the ſingle fixed line of Numbers, againſt which in 
Lhe donble line you have 16 (thi ſhuareof 4 ) and againſt that on 
the treble line is 64 3 which is ths Cube of 4.-* - 

Again ( without moving the Inſtrument ) look for the ſingle fix- . 
ed line for 8 Inches ( the other-Diameter) and againſt ir on the 
double line is 64, the ſquare of 8 : and againſt that on the treble 
line is45125 the cube of $2 thetefore you oye fide 64 to'g on the 
tixed line of Numbers, and look for the cube of 8 Inches, which is 
512, againſt which on the fixed line is 72, the weight of a ſhot of 8 
Inches Diameter. | 

This Inſtrument being thus ſet, will ſerve you for a Gunners Table, 
which anſwers the weights of. all ſhots of the ſame Mettle, of what 
Diameter ſoever. '1t*s the common Cs of moſt Authors ( of 
any note) and Ithink them very near the truth, That a ſhot of caſt 
lron of 4 Inches Diameter weighs 9 th Aver du pois. 

Therefore the Inſtrument being ſet as inthe former Queſtion, 
look for the Diameter of any ſhot on the fixed line of Numbers, and 
againſt it on the treble line, is the cube of that Diameter. 

Suppoſe the Diameter 5 Inches, againſt ir on the treble line is_ 
125, which is the cube ; and ( without moving the Inſtrument ) 
look for 125 on the ſliding line of Numbers, againſt that on the fix- 
ed is 171b and 50 pts. which is 17 tb and an half, the weight of your 
ſhor of 5 Inches. 


And thus you may work any other Queſtions like this, without 
moving the Inſtrument. . 


Queſtion 


W— =" I = S — 


- ____ BliblngTicdes/n Gunnery, un 
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QUESTION. Il. 


Knowing what quantity of Powder will load one Piece of Ordnance, 
. "you may know how much will lead #ny other' Piece of Ordnance 


_ Suppoſe you have a Saker of 3 Inches: Bore, and it requires 15 

| of Porder, what will a Demy-Cannon-6f 6 inches and 4 | TD, ? 
To Reſolve this, by | 

Slide 3 4 (which is 3.75 prz.3*to 6.45 on the fiketHitie; and look 
for 4, the weight of Powder a Saker muſt have, which is 4 tb ; a- 
gainſt thjs 4 on the fixed-line.is 6 and goo pre« then-look for 6 
and goo pts in the moving line,: and againſt ;it on the fixed is 11 
and 90o pts. then look for this 11.900 pts. in the moving; line, and 


againſt ic in the fixed you have 20.750 pes. which is 20 tb. 13 3» 
the weight of Powder to charge a Demy-Cannon. 
LO AT BP I SET AT r4 nat 


- All Queſtions of. this Nature -being Reſolved by -Tables, I ſhall 
add no more in this place, having done enough. to ſatisfie an Inge- 
nious Marriner, of the uſctuineſs of this -Inftrument ; the Ge- 
neral Table of Gaznery you have in my Treatiſe of Gunnery : 
To which I muſt refer you. _ _ 


But if the Bullets be of ſeveral Mettals, you muſt know the Pro- 
portion which one Mettle hath to another ; and therefore obſerve 
theſe following DireCions. | 


The Proportion hetween Lead and Iron is, as 2 is to 3: And 
if you would know what either of theſe Bullets wonld weigh in 
Lead : | | 
. A$ 2 1s5t0 3; fog th is to 13 i +, the weight in Lead. And, 

As 2isto 3, ſo 72 t isto 108 t6, the weight of a Shot cight 

Inches Diameter, in Lead. 


Z The 
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* The Proportion between ror and Stone is, As 3 is to 8. But this 

you muſt underſtand to be of hard Marble-Sroxe which is fit for Bul- 
lets x and in ſhooting theſe Bullets, leſs Powder will ſerve, it being 
lighter Mettal. 


By weight you may alſo find the D5amirer of an Ballet of Lead, 
Hs rnd oye _y other Mettal whoſe Proportion is known. 


The Meaſures and Proportions of Mettalsare as follow. 


Leadis to Irow 28 2t0 3. Lead is to Bra? as 24 to 19. 
Lead is to Stone us 4to1. Jren is to Braſs as 16 to 18, 
Jrou is to Stowe a8 3 to 8. 


The more exact Proportions of Mettals are theſe following. 


poſe 's Cube or Buller of a certain bigneſs to weigh 100 th 
weight, the like Cubs or Buller of any of theſe Mettals ſhall weigh 
zs followeth, and have the fame Proportion. 


. 


16 pes. . BD pes. 
Gold om mpmen 100, OO. Braſs 473 3T« 
Nazckfitver —— Ti, 43+ Jr moon Gy I, 
Silver m———— SLOWE mamremmme Is, 
Water F, 68. 


Now if you would. find the weight of any other ſolid Body,. 
though of different Metrals ; By theſe Proportions [I ſhall give you 
We e more z, by which you may perform any other Queſtion 


Queſt; 


Ship. u9 


__ Sliding Circles oz ehe-Building of a 


QUESTION 18. 


If « braſs Gan weighs 35001, Weight, what ſhall an Iron 
Gun of the ſame length and hike weich Pf Tm 


Slide 47. 37 pts. on the. moving line of Numbers, to 42. 10 on 
the fixed, agalaſ 3500 (the weight of the braſs Gun) in the 
—_—_— line, 18 3138 on the fixed : which is the weight of the Iron 

un. | 


0 


OA 


CHAP. VI 


At. 
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The Proportions for the Building of a 
Ship by this Inſtrument. 
QUESTION I. 


doing 2ne Tun 63 Foot by the Kfel ; how tn«- 
ny Tus ſhell thet Ship be, whoſe Kel @ 100 Foot ? 


Slide 65 ( the length given) in the moving line, to 100 on the 
fixed line of Numbers, and for 100 in the moving line, againſt 
ir on the fixed is 25,35 peo. then look for 15.33 on the moving line, 

inſt it on the fixed 1s 2:36 :' and look for 236 inthe moviog line, 
againſt it on the fixed is 364. And fo many T*n; that Ship will be 
whoſe Keel is 100 foot long. 


43 


20 "Eos - The Ute- of- 'the. 


To find { the length of the middle Beam of F the above Ship, which i ” 
364 Tun, without qneving the Inſtryn ent. 


The Ship before mentioned of 100 Tun, is 22 foot by the Beam ; 
look for this 22 ib the moving live of.Nuptbers, and:againſt it on the 
fixed is 33 & 776 pts. And Fa wuch that Ship will be by the Beam, 
whoſe Burden is -364 Tn, 


T6 find the depth of the Hold. 


Suppoſe the Ships Held befors given of 100 Tan; is 12 foot 5u the 
ld : 1 = depth "On this Ship be in the Hold, whoſs Burden « 
364 Tus 


—_— -— 


z: T6 Refoe this, p 


Look for 12 on in m_ line of aber and againſt it on 
the fixed is 18 and 35 pr. fo many foot deep the Hold of that 
muſt be which i is.100 = by the Keel, 33 70 pes; wb the : Beam, 

”. whoſe ——_—_— h3e TR, (ROLE et 


\C 


' avesTION! n 


For Gauging 4 "y p, to know bow ny T uns Fa _— either 
King's, 9 or; Merchavr” t Tunnage., EEC 
I ſhall 2d 6fe of He/deinthon Fry Randall, ID: for Xing 
Tannage, and 95 for Mover Oy: 


there Tac a 5h the Keet, ahd 17 foe by 
js Wd 3-0: 


Slide 100 in the moving line to 1 p on the fixed ( the breadth 
af the Ship) or the = 


TE «Hold 3 to were [7 Say 


of the main Beam ; then look for 46 
in. 


l—— 


Sliding Circles fo2 the Building of a Ship. ." 


in the moving line, againſt it on the fixed is 7.84 prs. which 1 call 
a fourth Number ; then ſlide z in the moving line to 7.84 pts. on 
the fixed, and look for 9 ( the depth'of the Hold ) in the moving 
line, againſt it on the fixed is 70 T wn, 65 pts. of a Tan. Andſoma- 
ny Tus will ſuch a Ship carry of King's Tunnage. 


The Canmn for Merchants Tunnage, is thus. 


As 95, the Allowance for Merchant*s T unnage, 
Is to 100, the King*s Tumaxe ; 

So is any other Number of King*s. Tunnage, 
To Mercham®s Tunnage. . 


. So-took for 46 in the maving line, againſt it on the fixed you 
have 8. 2 tenths, which is 20 pes. of 100, which is the 4th. Number. 
Then ſlide 1 in the moving line, to 8.2 tenths on the fixed, and look 
for 9 in the moving ( the _ of the Hold ) againſt it on the f6ix- 
edis 73 Tun f75prs. And ſo much this Ship holds Merchant's 
| Tumnage.. RA bis 
QUESTION 1 


Suppoſe I have a Ship. 46 foot b the Keel, and 1 would build another 
of 65 foot by the Ketl 1, the Queſtion is, How many Tuns ſhe will be * 


0 Mide-44 ifthe moving line, to 65 on the fixed, then Took for 
© 73+75- pps. in the moving line, and againſt it on the fixed is 1063 
look for this 106 in the moving, againſt it on the fixed is 153 ; 
then look for 153 in the moving, againſt it onthe fixed. is 220,. And. 
ſo many; Tuwwill &e Ship be. - Naa logs Fs | 


=. 900 13.15 4 v, 


® 
b 


1 ball givs this: Genera] Riſe, withs'Table of' Proportion ;_by. 
; mhichyou may take; theProportion cry Vops from 100 Tw to 
$00 Tun : and this you afay enlarge to 


t number of T4925 you: 


For, 
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For Example. 


Suppoſe 4 of 100 Tun is found to be 44 foot by the K 
Th oor op, on the Midſhip Beam, 9 PROS Pfr by 
and didrake with the Stern forward 13 foot, the the Stern- 

Poſt did_rakg 7 foot eff ward ;, and you wonld build anuher Ship 
of double her Burthen, or 200 Tun. © 


The common way is to RY all theſe Dimenſions Cubically, 
that is, every by ix ſelf, and the ProduRt by it Keif alſo. 

As 44 multiplyed by 44, makes 1936; andthis being multiplyed 
b —_— which is the Cube - 1 this = __ 
ble by reaſon the Ship laſt propoſed is. double ber Burchen z which 
niakes 150368 z the Cube-Roor of this number deiag exteatked, is 
55 foot 437 pts. which is 55 foot 5 inches, and almoſt x foueth of 
an jnch. 


Non Cube this with Your Pen, as before diredted : 
arena nant) Rn bes gntgl 
in ſeveral of the oregping Queſtions'; I ſhall only add one more 
Example in this Queltion. res, 


EXAMPLE. 

Look on the treble line of Numbers for 170368, under it 
the ſingle line Narhbers is $5 and 4 tenths, the Cube Rooe of 
190368. | 
This zy do in all othet Proportions, to find the 
| of cv 6a them ſeverally ; or « ater ons Proportion 

is by .yqur.. laſkrumea, ji; ſeryes 'n$/8_ Dable to. fail vll the 
odor. 2portions : but-to, make jt mpre- plain, 4 harvinſerced 
this following Table of Proportions! Parts. | 


” # 


” 


M———— 


toliding Circles foz the Buſlding of a Ship, 


To find the Mid-Ship Beam 10 Foot. 
. As 44 to yy Foot 437 pts, Solis 20 to 2g Foot 199 pry. 
To find the depth of the Hold 9g Foot. 


As 44 to 55 Foot, 437 pts, Soisg to 11 Foot, 339 pes. 


For the Raking of the Stem, 13 Foet. 


As 44 to 55 Foot, 437p%, $0 is 13 to 16 Foot, 379 prs.. 


For the Raking of the Stern-Poſt, > Foot. 
As 44 to 55 Foot, 437 pt! So is 7 to 8 Foot, 819 pre. 


You have here in the laſt Colume a Reſolution in feet and part 


= the Dimenſions required, ſo evident, which needs no = 
. tion. 


Or elſe thus, having your Proportion as one Cube is to another, 


A Table ſhewing the Cube-Root of the 


nine Digits. 
The Cube-Rooe of one is — | —— QOOpts.. 
The Cube-Root of 2 is ———— 1 — 260prs, 
The Cube-Roor of 3 is m—— 1 442 pts, 
The Cube-Root of 4 is - — 1 —- 557-pts. 
The Cube» Root #4 IS —-— — IL —— 710 pts. 
The Cube-Root of 6 Is ———————— 1-— $17prs. 
The Cube-Root of 7 is - 1 — 913 ts, 


The Cube-Root of 8 is. —— =— 2 —-— 000 pts 


3 — Thur ot. 
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-— I, . 
y— CO me ne 8. em —— 


The Table of the Cube-Root applyed as Can- 
.nons, to find the lerigth of any Ship's 


_ whoſe Burden is from 100, to 800 
un, 


| | Feet.Parts. 
200 Tan, as 1.000 to 4443 ſO is 1,260 to 55.449 
, 300 Tmn,as 1.00010 44 ; ſois 14442t063.448 = 
400 Tun,as 1.000 t0443ſ0 is 1.587 to 69.828 B 
Ships Burdens. % $00 Tr, as 1.000to 44; fois 1.710 to 53.240 
600 Tun,as 1.000 tO 44310 is 1.817 to79.948 El 
700 Tun,as 1.000 to44; fois1.913to84.172 \ F 
800 Tun,as 1,000 t044 ſo is 1.200 to 88.000 


The Uſe of this Table to find 
\ *- © the length of the Keel. Y 


x The aforementioned Ship being 44 foot by the Xeel, and 100 
T'un, to find the length of the Keel of any Ship's Burthen in. the 
aboye Table.. 


If you would know the length'of the Keel of a Ship, Burden 300 
ay in the laſt Colume againſt 300 Txx, you have 63 foot, 
448 prs, the length 'off your Keel. 


Applyed to.the Inſtrument, thus : 


Slide 44 in the moving-line 55.437 pts. on the fixed z againſt 
20 in the moving line is 25 on the fixed : which is the length 
of ene Mid-Beam of a Ship whoſe Burden'is 200 T un. » 


7”. 


The 


Sliding Cizeles in Solid Bealures = 


The nſtrument thus fixed, without moving,look for 9 in the moving 
line (the depth in the Zola) againſt it is 1 x foot 339 prs. the depth 
of the Hold required. To find the Rake of the Stem, look for 13 in 
the moving line, agaiaſt it on the fixed is 16.379 pts. the Rake of the 
Ship's Seem required. To find the Rake of the Stern ; laok for 7 in the 
moving line, againſt it on the fixed you have 8 foot 819 pts. Thus 
ſliding the length of the given Keel to the length of the Keel of that 
Ship whoſe Propor: ions zre required, looking on the moving line of 
Numbers for the Proportions given, and againſt -it on the fixed you 
have the length of cvery Proportion Reſolved, as inthe foregoing 


Example. 


—_ oc 


——————_—_ 
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The Vſe of the Inſtrument in Superficial 
and Solid Meaſures; 


QUESTION I. 


Suppoſe a Board or Plank of 15 inches } broad, and. 18 foot long, 
How many foot is contair'd in that Board or Planck ? 


Lide 12 in the moving line to 15 and & the breadth, on the fixed 
line, then look for 18 ( the length ) in the moving line ; againſt it 
on the fixed is 23.22 pts. z ſo many foot is contain'd in the Board or 


Plank. 
QUESTION. Il. 


Snppoſe I have a Board or Plankof 10 inches and %, and 21 feat 
_and % lonz; to hnow the Contents of that Board or Plank, 

Slide 12 in the moving line to 10 and2, (the breadth ) onthe 
fix*t, then look for 21 and + (thelength) inthe moving line ; 2- 
geainſt it on the fixed is 18.92 pts. which is 18 foot 11 inches ; an 
{0 many foot the Board or Plank contains, 

Aaz QUE S2 
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QUESTION 1M. 
To Meaſure Solids, whoſe fides are equal. 


Suppoſe a piece of Timber 16 inches ſquare, and 40 foot long ; How 
*S quare foot of Timber doth that piece wn ? 


Slide 12 in the moving line to 16 ( the fide of the ſquare) on 
the fixed ; then look 30 ( the _ ) in the Ws 3 againſt it, on 
the fixed you have 40; the whick 40 look for in the moving line, 


and againſt it, on the fixed, is 53 : And fo many foot doth that 
Piece contain. | 


QUESTION 1V. 


Suppoſe 4 piece of Timber 8 inches ſquare, and 14 foot and \ in 
ngth; How many ſquare feet is contain'd in this piece ? 


Slide 12 in the moving line to 8 ( the _ on the fixed, and 
look for 14 and 4 in the moving line, and againſt it on' the fixad 
you have 9 and 65 pes, look for this 9.65 in the moving line, and 
againſt it in the fixed is 6.45 pts, And ſo many foot is contained 
in the piece. 

If you would meaſure ronnd Timber, you muſt firſt find the ſide 
- of a ſquare equal to the Circumference of your piece, and then work 

it on your Inſtrument as the ſquare timber, as in the 234. and 4th, 
Queſtions. . 

I might have given divers Queſtions and Examples concerning 
the Area of a Circle, or irregular Bodies ; but in regard another 
Treatiſe of :'1e Uſes of this In'/trument is almoſt ready for the Preſs , 
principally concerning Conging, meaſuring of Solzds and $ ies, 
and will be ſhortly publiſhed, I do purpoſely avoid any more Ce 
ment on thiz SubjeRt. 


CHAP. 
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CHAP. VIII 


The Uſe of this Inſtrument in 
| | DIALLING. 


A Horizontal Dial, 


F ſuch a Plain which always licth parallel with the Horizon, and 
the Zenith is the Pole ; And the Stiles Elivation muſt be equal to 
| the Latitude of the place, and therefore is given according to the 
Latitude 51* 3o'. | 
The Subſtiler Line is always on the Meridian, or Hour-Line of 
12, being the North and South Line. 
I L<t the Horizontal Dial be propoſed for the Latitude 51* 20', 
the Canon ſtandeth thus;as the Radius is to the Sine of the Poles Eli- 
vation, ſo is the Tangent of the Hours in the Equinottial, to the 
true Hours required. | | 
py Now to work this by your Inſtrument, you muſt have a ſmall 
braſs Index fitted to put on the Center thereof, that when Sines and 
Tangents muſt be uſed ROnG you may by help of this Index 
( ſo placed as to move in the Center) bring the Radius or Tan- 


gent of 45* in a ſtreight Line even with the Radius, or moving 
Sign of 99%, This being done, when the Inſtrument is ſer to any 
proportion in Sines, and required in Tangents, it readily performs 
' and ſerves as a Table for all the Hours diſtance from the Subſtiler 
Line ; from which you may draw the Projection of your Dial, 
according to this Exampte : 


Aaa2 Slot 
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Slide the Radius go, on the moving Sines, to the Poles Elivation 
51* 30' on the fixed line of Sines ( the Index being one) bring 
the edge of the Index to cut the Radius, or'moving Sine of go”, 
and at the ſame time ſlide 45*, the Radius on the Tangents to the 
edge of the Index ; the Inſtrument thus placed, ſerves you as a Ta- 
ble for all the Hours, half, and quarter Hours,. not only for this, 
but all ſorts of North or South Dials, as you ſhall be informed in its 
proper place. | : 

And here it muſt be Noted, That a Tangent runs but to 45*, and 
therefore this general Rule muſt be obſerved , That when your 
Number requires above 45*-upen the moving Tangent Line, you 
muſt count back again, on the fixed; as againſt 40* you”l ſee 50, and 
againſt 30* you?l ſee 60, and fo for the reſt. 

As the fixed gave you, what was required to 45*, now going back 
on the fixed, - and Tangent gives what is required, to 9o?, 
according to this Example. 

Look on the moving Tangent for 15*, the firſt Hours di- 
ſtance qn the EquinoCual, and againſt it on the fix?d Tan- 

XI &1 gentis 11* 50' the true Hours diſtance of 11 and 1, from 

the Subſtiler, then the ſecond Hours diſtance in the Equino- 

Qtial is 30*; look for 30* on the moving Tangent, againſt 

X & Il it in the fixed is 24* 20, the true Hours diſtance for 10 & 2. 

Then look for 45* on the moving Tangent the third Hours 

| diftance in the EquinoQial, againlt it-on the fixed is 38* 2', 

IX & the true Hours diſtance for 9 and 3 ; now the Tangent run- 

III - ningno farther, you muſt count back again on the fixed 
Tangent, as you counted forward on the moving. 

So if you look for 60* ( the fourth Hours diſtance on the 
EquinoRial J on the fixed Tangent, againſt it on the mo- 
vipg Tangent is'53* 35 the truc Hours diſtance, for the 

VIU & 8pnd 4 Hours. 

"I Then look for 75*, the fifch Hoor in the EquinoQtijal on 
the fixed Tangent, againſt it on the moving is 71* 6 the 

VII& V true Hour ©: 7and 5. 

And 1-0; +. r go® on the fixed Tangent, and againſt it on 
the moving is 90”, which 15 in 2 H-1izcatal Plain, the true 

VI Heur of 6 jn the Morning, and 6 in tlic Eycning. 
In 
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For XI &I. 


For X & T 


For IX & III. 
For VIII & INI. 


ForVI&V. 


For VI & VI. 


Ina Horizontal Dial, the Meridian or 12 a Clock- 


Line is the Subſtile, 


Fig. 1, Take. 60" from your Line of Cords ( which you have 
made on the Index of your Inſtrument ) place une foot of your Com- 
paſſes at B, and with the other draw the Semicircle AEF. Then 
take the Latitude of the place, as in the Figure 1. 51* 30' and lay 
it fromE to G, the Stiles height. 


' Todrawthe Hour-Lines of a Horizontal Dial. 


Take 11* 5o on the Line of Cords, placing 


one foot of your Compaſſes in E, and with the 
other cut the Semicircle on each ſide E, and draw 
the Lines 11 and 1. | 

Take 24* 20' and lay it off on both ſides ©, as 
before, and draw the Lines 1o and 2 from he 
Center B. 

Take 38* 3' and from E lay it off as before, 
and draw the Hour-Lines of 9 and 3. 

Take 53* 35' which lay off on both ſides E, as 
above, then drawing your Lines a-croſs the Cen- 
ter B, ctives you the Hours of 8 in the Morning, 
and 8 at Night ; and 4 in the Morning, and 4 1n 
the Afretnoon, as in the Figurc, ih 

Take 71* 6' and Jay it off on each ſide of E, 
and draw the Hour-Lines through the Center B, 
gives you the Hours of 7 in the Morning, and 57 
at Night; and 5 in the Morning, and 5 at Night.. 

Take the whole 9g9* of your Line of Cords, 
which will be the Line of A B F, your Faſt «nd 
Weſt Line, and the 6th Hour in the Morning, and - 
6 2t Night, and your Dial is finiſhed. 


By 


';0 The Ute of the os 


EI 


i flours [Equinottial-Hours di-' By this Table you may 
Horizontal. Hour. 'ſtance on draw the Hour-Lines of a 
'the Plain, | Horizontal Dial for the 


TIERED ou -.. cool: 1s Latitude-51* 30", 
| —aaal3 2 6 . This Table was taken 
half | 7 30 5 52] from the Inſtrument being 
- quarter't1 is' 8 51] ſer, as is mentioned after 
xi&g&l, ji- coi 59 the Canon. 
|" quarter |1 46544 52] By the help of the fore- 
| owl fo: 3-177 577 going Table, you may at a- 
$ quarter \* 6. 2 ny time make a Horizontal 
| x&k |= —=|=—.——] Dial with little or no trou 
— quarter |33 45127 3 \Nn wo 
a7 b- Solan 5-| ble, or a new Calculation, 
| 2 quarter | b! 15 34 25 The firſt Column is Quar- 
| Ix&1ll. js __ovjzs 03] ters,half Hours,and Hours 
—qurer [45 _ 45/41 . 43] th? ſecond Columa is Equi- 
| half [;1 3045 34] noftial Hours; the third 
| 43 quarter 1-6 1549 3] Column is the Dzgrees and 
[yvl&IW. jo 23.3% Minytes, for every Hour to 
are, £ = a” 47] he taken off your Line of 
- qu-reer - 15/65 33 Cords, and ſet on each fide 
| Vii&av. 15 71 o<| your Subſtile line,and there- 
— quarter (78 4875 © 45] by to draw your Hour 
7 yl .” 
half [32 330 25] Lines, as in» the firſt Fi 
quarter |s 15135 15 gure. 
ViclL 2. Dorn Note, That the Hour 


F Liae, before 6 in = Morn- 
4 after 6 at Night, may be ſupply'd by continuing theic op- 
polite Hours beyond ,- Center 3 as the Hour-Line of 7 in the 
Morning continued). will be the Hour-Line of 7 in the Evening, 


44h To make 4 North or South Dial direft wpright. 


There is 2 little difference in theſe Dials from the Horizcntal in 
the making, but only in the height of the Stile : In the Horizontal, 
you 


Dm 
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you take the Latitude of the Place from your Line of Cords, and in 
the North and South Dials you muſt take the Complement of your 
Latitude ( ſo what degrees and minutes is more than your Latitude) 
to 90®, where the Latitude is 51* 30', the Complement is 38* zo, 
and the Proportion for the Hours diſtance may be thus found (as in 
the former.) | | 

As the Radius or Sine of 90* is to the Coſine of the Latitude 38? 
30', ſo isthe Tangent of any Equinoctial Hour given, to the Tan- 
gent.of your Hour required from the Subſtile. 

Slide the Radius or Sine of 90* on the moving Sines to 38* 30', 
the Coſine of the Latitude 5 1' 30' on the fixed, and move the Index 
over the ſliding Sines to go*, ſlide the Tangent of 45* on the mo- 
ving Tangent alſo, to the Index, till it lie ſtrait with the moving 
Sine of 9o*; and your Inſtrument being thus ſet, ſerves you as: a 
Table to tell you all the degrees and minutes: which,you muſt take off 
your Line of Cords for the diſtance of every Hour, as you did on 
the Horizontal Dial, ia the firſt Figure. 

Fig. 2, Having taught you how to find the Degrees and Minutes, 
and your Inſtrument being thus ſet; you muſt take 60* from your Line 
of Cords, and placing one foot of your Compaſſes in the Center L, 
and there with, draw the Semicircle E D K, then take 38* 2o' the 
Complement of your Latitude, and where your Meridian interſe&ts 
the ſaid Arch as at D, place one foot of your Compaſſts, and with 
the other cut t.ie Arch DE at M, and draw the Line LM, which 
is the height of the Stile : then mark off your Hours on the Semi- 
circle, and draw the Hour-Lines as you were taught inthe firſt Fi- 

rez or make you a Table from the Inſtrument, which will be rea- 

y at all times to make a direct South Dial, with much eaſe; and 
therefore I haye incerted the Table for this alſo. 
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Ltours diſtance 
or South Dial. 
| Hours Hours 
Hours |=quinoCtial.\diſtance on 


_— 


=. |  |the Plain, 


£7 ___ "6 
| quarter | ; 
"I 


2 quarter 


3 quarter |; 
IX & 11. 


3 quarter |; 
VII & IV. |5 


99 


—__ 


This Table is explained 
by the Inſtrument, as in 
Horizontal Dials, thus : 

Look 15* the firſt Equi- 
noCtial Hour, in the mo- 
ving Tangent, and againſt 
it on the fixed, you have 
9* 28', which is for. the 
hour Xl and I. Then look 
for 30* the ſecond Hours 
diſtance, on the moving 
Tangent, againſt it in the 
axed is 19* 45, Which is 
the hours X and I1. Look 
45? on the moving, and a- 
gainſt it in the fixed, is 
31* 54, the hours for IX 


.and Ill; and now the mo- 


ving Tangent Line runs no 
further, you muſt go back 
again on the fixed Line, as 


you were directed in the 


Horizontal Dial, and look 
for 60, on the fixed Tan- 
gent, and againſt it on the 
moving, you have '45* 9, 
which 1s the hours for VIII 
and IV. Then look for 
75? oo' on the fixed, the 


5*Þ (Equinoctial Hour ) againſt it on the moving Tangent, you 
have 65* 42' the hours VII and V, and againſt go*, you have go?, 
which is the hours of VI and VI; and at the ſame time, you may 
find the truediſtance for every quarter of an Hour : It is but to al- 
low 3* 45” the quarter, part of 152; for half an Hour, 7* 30'the 
half of 15*, and fo proportiiouable for 3 quarters. 

This Table is fo plain, that it would he but to waſte time and 
Paper, to trouble you with any more Diſcription of the Ules. 


This 


F "9 tt. 


: Jaſtrument in Dyalling. - "94 
Noxe, That every EquinoQtial Hour is 15*, and every Degree 4 
Minutes, as in the ſccond'Column. which is uſed always in the Ca- 


non, with the Poles Elivation, to fiad the true Hour required. 


' Of apright Declitiing Di2ls for any Lati:ude. 


Ic was ſufficient in making either of the forementioncd Disls, te 
know the Latitude of the P:ace, for which the Dial was intended ; 
but in all Declining Dials, you muſt kr.ow the quantity of irs De- 
clination, or the point from which it doth Decline. And it is alſo 
necellary, that befgdes theſe things given, four other thin, s muſt be 
known, before you can ptoceed ro Draw your Dial. 

The firſt is your Subllile Line, or diſtance of the Stile from the 

12 a Clock-Line; the ſecond is the height of the Stile, or the Eli- 
vation of -the Pole above the Plain ; the third is the Angle of Incli- 
nation, between the meridian of the Place, and the meridian of the 
Plain & commonly called the Plains difference of Longitude; ) the 
forth is the Angles which each Hour maketh with the Subſtile, 
the which you are hereby taught to hind, both by Arithmatical Cal- 
culation, and by this Inſtrument, as alſo by the Tables of Artificial 
Sines and Tangents. ; | 

Suppoſe two Dials be required, the Latitude 51* 30', one decli- 
ning 45* tothe Eaſt, and the other 45 declining to the Welt ; theſe 
two being joyned on a ſquare body of Wood, or Stone, at right 
Angles, the South declining Eaſtward, fheweth all the Morning 
Hours until 2 of the Clock, and the South declining Weſtward, 
from 10 in the Morning until Sun-ſet, and the Corner or Angle be- 
tween both, points direRly to the South. | 


Firſt, To find the diſtance of the Subſtile from the 
| Meridian, or 12 a Cleck-Line.. 


The Canon is thus, 
As the Raidius, or Sine of go __10y 0000 
is to the Sine of the Plains declination 45” oo 9, 849.18 


So is the Tangent Complement of the Latitude 38*30' 9g, 90060 


to the Tangent 29* 22 which is the diſtance of the 
Subſtile from the Meridian ' 1, 9, 75008 


B b b | S004, 


—— 
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Second, To find the height of the Pole or Stile above the Plain. 


The Canon is thus, ; 
As the Radius, or Sine of go. 10, 00300 


is tothe Sine Complement of the Latitude 38%.30' 0 9, 79414 
So is the Sine Complement of the Plains declination 45 00 9) { 84948 
to the Sine 26* 7 which is the height of the Stile _ 
aboye the Plain x, 9, 64362 


| of the Place, and the Meridian of the Plain. | 


The Canon is thus, 
Ag the Sine Complement of the Latitude 38* 30' —_9y 79414 
is to the Radius or Sine go 10, ©OCoO 
Sq.is the Sine of the Subſtiles diſtance from the meri-- 9, 69094 
 -dian 29% 227 1. 9, 69054 
to the Sine of 51 F8.- '9, B964o 


Which is the Inclinatian between the two Mexidians required, 
Theſe three Cgnons are performed by the Inſtrument thas,. 


The Firſt, To find the Stiles diſtance fromthe Meridian. 


Slide the Radius or Sing of 99, on the moving Sine, to the Sine 
of 45* co' on the fixed, the Sine of the plains Declination, then 
bxing tbe Index till ic cut the moving Sine of go® oo', and flide the 
moving Tangent till the Radivs 45* cut the edge of the Index in a 
{treight Line, with the Sincof go,: The Ioftrument being thus ſer, 
look for 38* 30' & the Cemplement of the Latitnde ) on the mo- 
ving Tangent, againſt it on the fixed Tangent is 29® 22', which is 
tbe Subitues diſtence from the meridian required. 


The Second, To find the height of the Stile above the Plain. 


Slide the Rac1ug or Sing of 90, on the moving Sines to the Sine 
of. 387 30. ( the Complemeat) on the fixed Sines, then look for 
4.5”. on the Morigg Sines ( which is the Complement of your Plains 
Declination.) againſt it on the fixed Sings you have 26*® 07', which 
a jhe height of your Stile required. - 


The 
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The Third, Ts find the Angle of Inclination berween the Mer dian 
of the Place, and Mer idian of the Plan. 


Slide for the Complement of the Latitude 38? 30', on the tnoving 
Sines to the Radius, or Sine of go, on the ſixed Sines, then lcok for 
'29* 22 the Subſtiles diſtance from the meridian, on the moving 
Sines, and againſt it on the hxed Sines is 51* 58, which isthe In- 
' Clination, or difference of Longitude between the two meridians 
required. And therefore I ſhall here dire you how to make a Ta- 
"ble of Equinoctial Hours, which are always firſt given to find the 
true Angle that each Hour makes with the Subſtile. - 


To makethe Table thus 
The Plains Inclination © 
meridians, or difference of 
Longitude being found to 
be 5x* 58, place it againſt 


the Hour Line of 12, as: 


you ſee in the Tablez and 
from this are all your Equi- 
noQial Hours found in De- 
grees and* Minutes, from 
the Hours of 12 and 12, 
51* 58'; in the Table 
-downwards, you muſt add 
. 15* toit, and ic makes 66? 
kl which is the Equino- 
ial Hours of 1- in the 
Eaſt, and 11 in the Weſt 
Dial; then adding 15* 
'more to the 66* 58' and it 
makes $1* 58', which is 
the Equinoctial Hours for 
2 Mm the Eaſt, and 10 in the 
Weſt Dial, as you ſee in 
the Table. 

The next thing is to 
know, between what honors 
your Subſtile Line will fall 
12 all declining Plains. 


| A Table for a South-Plain declining 
45* Eaſt, and 45* to the Welt ; 
Latitude 51* 30. SES 
The diſtance of the Subſtile 29® 22" 
The height of the Stile 26* 07 
The Inclinationof meridians or Plain 
difference of Longitude $51* 58 
Hours for [EquinoCtial |. Hours on | 
7 Hours. _ the Plain. | 
= 5 Deg. HM. Deg, M. 
Tm x |8: 02/74 © 29 
w Vat (6: o*}4g7 750 
'vV VIlL 153 — Hm 
- Ws VE. [39  cofus- :- oo 
m—Y- jy coi. - 35 
vir W_is _ __onjos __ 33 
_ __* ThePlaceof the Subſtile. 
IX 1Ul © [os = SRI. 
as Il. 21 SS __ 074 
9 ey 71 T_T: 
Xl Xl |51 829 © 22 
Hs A Mb 
[nr X 81 581 72 Wl 
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Wien you have found the Plains Inclination of meridians, or 
d1ferciuce of Longitude, which is in all Þccliners, placed as in the 
Tiblc againft. the Hour Line of 12. 

Then divide the Piains Inclination of meridians, being 51* 58, 

| 2 (6 
by ihe EquipoRiial Hcur 15®, thus 51.(3 fo here being 3-com- 
L5- 
pleat Hours, 6* and 53 over, which ſhews that three Hours from 
i2aClcck; and the 6? 58 over, being leſs then 45*, an Equino- 
Etial Hour; tells me, that the Subſtile Line. will fall between-the 
Hours of 3 and 9 in the Eaſt, and 4 and 3 in the Weſt decliner. ' 
The 6* 58), plece< it. againſt the Hours of 9 in the Eaſt, and 3 in 
the Welt, as in the Table; and then ſubſtraR. that 6* 58' from 
15? co thas, 
6 58+ 
remains 8. o2 which you muſt place againſt the Hours 8 'and 4. 
Now. the Hours between which your Subftile falls, being found, by 
adding 15* tothe EquinoQiial Hqurs,above 8 and 4,and below g and 
3, tothe lower end of the T2ble 2 and 10. For Exampie, 

Againſt tbe Hours 9 and-3, is found 6* 58; by adding 15? to it, 
makes 21* 58; the Hours of 10 and 2; then add 15? more to the 
21* 58, makes 36?, 58' the Rours of 11-and 1; then add 15*to 
36* 58', jt makes 51* 58', which is the number of: Degrees before 
2iven for the Plains difference of Longitude, or Inclination of me- 
ridians. Then by adding 15? to.that 51* 58', makes 66? 58' for 
the Hours of 1 in the Faſt, and 11 in the Weſt- Decliner, and Go - 
down to the next. Now as you, added below your-Subſtile, you 
muſt add in the ane manner above; for Example, To che Hours of 
-Y and 4, you have 8? 02, tothisadd 15*, it makes 23* 02', which 
js the Hours of 7 in the Eaſt, and 5 in the Weſt Dial; which-you 
moſt continue adCing of 15* to theupper end of your Table, 
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The Fourth and latt thing to-be found, is, The Anvle that each 
Hour makes with the Subſtile, by the Table of Sines 
and T angents,. and alſo by the Inſtrument. 


The Canon of the firſt Hour from the Sibſtile, is thus, 


As the Radius or Sine of 99 10, 00000 
is to the Sine of 26. 07 the height of the Stile or 
Pole above the Plain 9, 64365 


ſtance tothe Subſtile 6* 58 , being the Hour 
of 9 in the Eaſt, and 3 in the Weſt 
to the Tangent of 3* og” which is the true diſtance? Þ.. 
from the Subſtile Line for the Hour of 9 on} 4, 8, 73070- 
the Eaſt, and 3 on the Weſt 6 


So is the Tangent of the next EquinoQtial Hours di- ; 
£ 9; 08705 


The ©anon of the ſecond Hour from the Sybſtile, is thus, 


As the Sine of go 10, 00000 
is tothe Sinz of 26* 07 the height of the Pole 9, 64365 
So is the Tangent of 21? 58' being the ſecond Equino- 
tial Hours diſtance | 9, 6c521 
te the Targent of 10? 03' the true Ciſtance cf the * | 
Hours of 10. and z-from the Subſtile- x. 9,. 24395 
The Canon of the third Hours diſtance below the SubſtYe. 
As the Radius or Sine of go. 10. C0000 
is to theSine cf 26* 07 the height of the Pole 0, 64365 
So is the Tangent of 36" 58, being the third Equi-- 
nottial Hours diſtange 9, $7658 


to the Tangent of 18*-20, being the diſt2nce from. +, 9) 52023: 
the Subſtile, for. the Hours 11 and 1.. 


This general Canon is the ſame, to ſind ail the reſt of the Hours, 
as. the Radius or Sine of 90 is to the Sine of the Poles hcight, ſo i3 
the Tangent of any Equinoctial Hour, given to the Tangent cf. 2ny, 
Hours diſtance from the.Subſtile required. 
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To-mwork the ſame by the Infirument. 


' You wuſt carefully obſerve, that on this Inſtrument there is a 
Tangent, and alſo a Sine, which begins at one Degree, and goeth 
to 6 Degrees, and endeth a little beyond the Sine of-go ; and the 
'Tangent of 45, as you-wilt fee on the Inſtrument ; and the Sine,we 
will call the middle Sine, .and.the Tangent the middle Tangent, 
becauſethey are only of uſe when the Tangent or Sine required, is 
- under 6*; which will be in this Dial,zin the two Hours next the Syb- 
: ſtile: As this Example ſhews you. 


'The Canon is thus, 


As the Radius or Sineof go 
is tothe Sine of the Pole er Stiles height aboye the Plain 26® 07' 
'Sois the Tangent of a TG Hours diſtance to the Tangent 
- of the true-Hour required. 


Slide the Radius or Sine of go, on the Moving Sines to the Sine 
' of 26* 07' the ſtiles height, on the fixed, and bring the{Index 
to cut the fliding Sine of 90 ;z then ſlide the Radius or Tangent of 
45 deg. to cat the edge of the Index, till both come on a ſtreight 
- Line, on the moving Sine. The Inſtrument being thus placed, gives 
-you all the Hours diſtances for your Dial. 

For-the firſt Hours diſtance from your Subſtile, look 6* 58' on 
the moving Tangent, ( the firſt EquinoQtial Hours diſtance from 
the Subſtiler ) againſt it on the middle fixed Tangent is 3* 50', 
. for hourg and 3. Then look for $* o2' on the moving Tangent 
( being the next EquinoCtial Hovr for the other ſide of: your Sub- 
ſtiler) againſt it on the middle fixed Tangent is 3* 33', the true 
'Hour for $ on the Eaſt, and 4 on yonr Weſt Dial. Now you have 
no more vſe of the middle Tangent in this Dial, becauſe all the 
reſt of thc Hours reach beyond 6 deg. and fall on the Inſtrument as 
in the dire South Dial re mentioned, without altering the 
. -Inſtrument from what *rwas firſt ſet too ; but when you come to 
uſe the moving Tangent beyond +5, ou muſt count back again on 
the fixed,as you were then taught; ſo when you look for 23* 02: 


'the next EquinoCtial Hour, on the moving Tangent, againſt it on 
-the fixed Tangent is 10” 25', which is the true Hour requirgd. 


— 
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Then look for 38* ©2', the next EquinoCtial Hour on the moving 
Tangent, againſt it on the fixedis 19* co', the true Hour required 
for 6 in the and 6 on the Weſt Dial. Then look for 21* 58". 
the Equinoftial Hour on the moving Tangent, againſt ic in the fixed - 
is 10d. 03 m., the true Hours diſtance of 10 on the Eaſt, and 2 on - 
your Weſt Dial. \ Then look-for 36d. 58 m. on the moving Tan- - 
gent, being the EquincQtial Hours diſtance for 11 on the Eaſt, and: - 
z on the Weſt Dial; againſt it cn the fixed Tangent 18 d. 20m. 
the true Hour required, 

Note, That all the reſt of the EquinoRial Hour diſtances will fall . 
out to be more than the Radius or Tangent of 45. .Therefore,as you 
looked for your EquinoCtial Hours diſtance, before on the moving . 
Tangent , now you muſt reckon backwards on the fixed, and the 
moving Tangent. gives your true Hours diftance, as the fixed did 
before : For you muſt Note, that the Inſtrument is Graduated and -. 
Figured back again to go, as you find on the Inſtroment, againſt 40 
is 50, againſt 30 is 60, againſt 20 is 70, againſt 1o is 80, and 
ſo 81 $2, in ſingle Numbers to 90: therefore if you look back - 
og the fixed Tangent for 83 .d. 02 m. the Equinottial Hour, . againſt 
it on the moving Tangent. is: 74 d.. 29 m., whick is thetrue Hour - 
for 3 on the Ealt Dial, and 9 on the Weſt : then look for 68d. 02m. . 
in the fixed Tangent, againſt it on the moving is 47d. 29 m. the 
true Hours of 4 inthe Faſt, and 8 on the Weſt Dial ; And thus you : 
may do for the reſt of. your Hours in.the Table.. 
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To draw a South Dial declinins 454. 56 m. to the Eaſt..” 


Fig. 3. Draw upon your Plain the Horjzon'al Line A B,and let fall © 
a perpendicular'from C to P, fer the Mcridian or Hour Line of 12, 
then with 60d. cf your Line efgCords,. ſetring, one foot . of : your: + 
Compaſſes in the Center C; and difcribe the Circle ASB, then 
laying your-Table before you, and look for the: diſtzace of the: Sub- 
ſtile from the Meridian, which is 29 d. 22 m, and take the ſame from - 
the Line of Cords, and lay it off from Sto Dy if the Plain decline . 
Eaſtward, or fromSto X, if the Plain decline to the Weſt; then -- 
draw the Line CD, for Subſtifer Line ; and finding that the height - - 
- of, the Stile is 26.9. c7m. take it from-your Line of Cords, and lay - 
from D to-E, and draw the. Line C F, the height-of the S:ile; and. . 
ſecing the Hour Line cf 9 on tae Eaſt deciining Plain -is 2 d; 05-m. . 


(the like is for a Weſt decliner ) whieh 3 d. 05 ms.take from your- 
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Line of Cords, and; ſet it from'D to 9, 'and draw the Line C' 9. 
which 1s the Hour of 1X ;- then take: 10d. 03 m. and lay it off as 
before from D co 10, and draw the Line C 10, which is the Hour 
of X : thus taking all yonr diſtances from your Table on the Line 
of Cords, lay them of on both ſides your Subſtile, agd they. repre- 
tear th2-tru: Huur Lines, as you ſee in the Table. .” 

. Nee, That your Stiltanding upon the Subſtile Line, is eliva« 
ted above the Plain 26 d,o7-m.: being equal to the Angle E CD. 


Fi7. 4. The Weſt declining Dial is the ſame with the Eaſt decli- 
ner, ohly ti: Subſtile muſt ſtand on the other ſide of the Meridian, 
or-Hour: Liae of 12; and the Hours muſt be changed all except the 
12th, X1lontheEaſt will bel in the Weſt; X on the Eaſt will be 
II onthe Welt; IX on the Eaft, will be 11] on. the Weſt; VIII on 
the Eaſt, will be IV on the Weſt; and fo for the reſt, as you 
may ſce by the Figure. 

For as much as it might be expected I ſhould proceed farther in 


Dialſing, I ſhall give. ſome Rules for makiog of an Eaſt and Weſt 
Dial, and alſo for Recliningand [aclining Dials. 


= | 
——— —- 
— 


To make an Eaft or We#ft Dial. 


Fig. 5. Theſe Dials Plain,lying in the very plain of the Meridian 
Circle, in which the Poles of the World are placed, therefore nei- 
ther of the Poles can have any. Elivation upon them : And for this 
Reaſon, The Hour Lines make no Angle at the Pole, and therefore 
the Hour Lines donot meet in a Center, but are all Parallel one to 
the other z ſo that in theſe Dials, there needs no Arithmatical Cal- 
culation, it. ſhall be performed only by Geometical: Demonſtration, 
aSin the Figure. | 

Let ABCD beyour Plain, on which you will draw a direct Eaſt 
or Weſt Dial: Firſt, Put the Point C in the lower Corner, if an 
Eaft Dial, or from.the. Point D, if on a Weſt Dial, diſcribe an 
Arch of 60d. off the Line of Cords, placing one foot on the Cen- 
rer, C,, and with it ſtrike the Arch'E F F; and from the Line of 
Cords, take the Complement of the Latitude 38d. 30m. which 
js alſo the Elivation of the EquinoCtial Circle above the Horizon, 
fet this diſtance from E to-F, anddraw the Line C F quite through 
the Plain, whick-Line repreſents the EquinoQial Circle. ; 


For 


wp 


 Inffrudtiint6f- Dydliitig, = It 
- ' For the proportion of -your Stfle to the Plain, that the Hours 
may be at a convenient diſtance one from- another, I chuſe- tyys 
Points in or ny Line, as in the Figure-; one at G, which is 
the Hour of 11 in the Eaſt, or ons in the Weſt Dial; the point 
at the upper end of the EquinoCtial Line at H, is the Hours of 6 
and 6; through the two points G H, draw two Lines at Right- 
Angles to the Equinoctial, which is the Hours of 11 and 6; then 
from the point G with 60, of your Line of Cords, draw the Arch 
below the Equinoctial Line I K, and take 15* of the ſame Line of 
Cords, and lay it off from I to K, and draw the obſcure Line G K, 
to cut the Hour Line of 6 inthe point L, ſo ſhall thediſtance L H, 
be the-height of the Stile ; then with 60* of your Line of Cords, 
ſet 6ne foot of your Compaſſes in L, and with the other deſcribe 
the Arch-M N, betiveen the hour Line of 7, and the Line G L, and 
divide the Arch MN into 5 equal parts; which is done by taking 
i5* from your Line of Cords, as at theſe 00000 in the Figure, 
then lay a Ruler from L, to each of thoſe marks, and the Ruler 
will cut-the EquinoCtial Line CH, in theſe warks »*+*, throygh 
tacks draw Line parallel to the hour Line of 6; as the Line VIE * 
Vit, VII *. VII, 1X *IX, X* X, which repreſents the true hoyr 
Lines of an Eaſt Dial, from 6 to 11 in the morning. For the 
other two Hours before 6 in the morning, take the ſame diſtance 
on the EquinoGtial Line, between the Hours 6 and 7, the diſtance 
between 7 and 8, and lay them off on the Equinadtial Line from. H 
upwards, . and dtaw theſe Lines parallel to the 6a Clock Linc, and 
they will be'the Hour Lines of 5 and 4 in the morning. 

For the Stile of theſe Dials it may be eicher an Iron Pin or 
Wyer, the length muſt be the diſtance between the Hour Lines of 
6 and 9, which may be fixed ia the point H, or ſome other. in the 
6 a Clack Line, and ſtand perpendicular fo the Plainz or which 
is much better, a Plate of Copper of the ſame elgpt, fixed on the- 
ſame Hour Line of: 6, and then your Dial js finifhed.. | 


To make 4 Weſt Dial. jt 


 ————— 


Fir, 6. The Opperation is the ſame, as you have been taught 
in the Eaſt Dial, with this diffzrence, That you muſt draw your 
- Equinoctial Line from the Center D, and work in every reſpe&t 
« *29 Fou did before, only inthe Hours ; that which is 11 in the Eaſt 
' Dial, muſt be 1 ja the Weſt, ow 10 will be 2, and 9g will be 3, and 
i - C C , - 


8 will 


4 . The Ueof the ; 
8 will be 4; and 7 will. be 5; a, Clock ; apd ſo for the, reſt as you 


F 


were.taught-in the Eaft Dial. | 


LL 


i ®* 


Fo.. Draw Eaſt or. Weſt- Reclining and 
Inclining Dials. 


. 


y hy beſt way is to refer them to-2 new Latitude, that ſo they 
Ke may become an upright Declining Plain; Which you may 
w. thus, : 

"The New Latitude will always be the ſame with the Complement 
of the Latitude in; which the. Ptain Reclineth, and the new Decli- 
nation in that: new Latitude, will, be always the. ſame with the 
Complement of the Plains Reclination , ſo, that in, the Latitude of 
51-30',-if-an Eaſt or Weſt. Plain ſhould Recline from the Zenith. 
25*, and you would know. in what. Latitude that Dial ſhall be an 
uptight Declining: Plain, . then Note, That the New Laticpde is 
238* 30', which-isthe Complement of the Old Latitude z the new 
Declination-is 55* oo', the Gragternas of 35* oo' the Plains 
Reclination.: So-if you make an Upright: Dial by, the foregoing 
Rules, for the Latitude of 38*30\, declining 55" oo', that Di 
will be a true Digl for-an Eaſt or Weſt Flain, that Reclineth 35”: 
In the Latitude of-41*. 30', on. this you muſt obſerve, that in all 
Upright Declining Plains, the Hour Line of 12 1s a 2y --= 15s 
or Plumb Line, ſo the Heur Line of 12 in-all. Eaſt and. Weſt, Re- 
ciaing and Inclining Pleins, wiltbe a level or Horizontal Line, as. 
the Line of-6 a Cocks in.a North or South Plain,: And you-muſt 
alſo obſerve, that the Stiles of all Eaſt and Weſt Reclining Plains 


muſt point, upward, towards the North Pole in North Latitude ;. 
and the Stile of all .Eaft and Weſt 1nclining Plains will point down» 
ward towards the gouth Pole. _ ; 


To 
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To make Dire& South Reclining and North 
Inclining Dials. 


T?Or drawing of Hour Lines on theſe Plains, they muſt alſo be 
referred to a New Latitude, in which they may h— Hori- 
zontal Plains-z and is thus -performed, If the Reclination be lefs 
than the Complement of your known Latitude, then ſubſtract your 
R-clination from the 'Complement of your knowa Latitude ; the 
Remainder is your New Latitude required. As for Example, 

A dire&tSouth-Plain for the Latitude of 51? 30', Reclining 18?, 
will be a Horizontal Dial, for the Latitude of 20* 30', which is 
the New Latitude : So that'if you make a Hotizontal Dial, as you 
have ben taught for the Latitude of 20" 30, ic will be a Dire& 
South Plaia Reclining 18* oo for the Latitude of 51* 30. 

- Here ir uſt 'be-Noced, That when the Reclination of a S6uth 
Plain, is greater than che Complement of your Latitude , then 
you muſt ſubſtraft the Cotnplement of the Latitude froth 'your 


Plains Reclination, and the Remainder is 'the New Latitude. As 
for Example: _. | | | £ 

A South Plait for the Latitude of 51d. 30 m. which Reclines 
65d. 30m. will be a Horizontal Dial for the Laticude of 27d. 
oo m. for if you ſubſtract 38d. 39m. the Complement of your 
Latitude from 6x d. 30 m. the Plains Reclinacion, the Remainder 
is 27 4. oom. fo that a Horizontal Dial made for the Latitude 
of 25d. coin. will ſerve for a Seuth Plain Reclining 55d. 30m. 
in the Latitade of 51 d. 30m. If the Reclination of a Souch Plain 
be equal to the Complement of the given Latitude, then'doth ſuch 
2 Plain lie direQly in the prime Vertual Circle, and is parallel to 
the Axisof the World, and hath no Latitude, therefore the Pole 
hath no Elivation. : | Wy 

A Dial on ſuch a Plain, muſt be made in all reſpeRts as you 
make an Eaſt or Weſt Dial, only the Hour of 6. in the Eaſt or Weſt 

:2l. will bethe Hour Line of 12 in this, and the EquinoCtial Line 
in this will be the ſame the Horizoncal Line ;, and the height ( orc 
rather the breadth ) of the Stile, will be equal to the diftance thar 


is between the Hour Line of 12, org and 3. 
Cee z Notes 
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Nee, That North-Inclining Dials, are the ſame with the South 
Recliner, being, oppoſite to them, - only the Figures of the Hours 
mult be altered; and for the Stile, if-the North Pole be Elivated 
upon the Recliner, the South Pole will be Elivated on the Inclining 
Plain, being oppcſic thereunto. | 


—— 


Ut you muſt remember, that North Incliners and South Incli- 
| ners, are in this contrary to. the former, whereof I ſhalt 
ve you this RC By a dire& North Reclining, and South 
Faclinin Plain, theſe Dials muſt be referred to a New Latitude, 
where |S may become Horizontal as the former, and is thus 
' performed : | 
: Add the Complemevt of the Latitude, and. the Reclination of 
the Plain together, the produt is the New Latitude.” In the Y.a- 
titude of 51 d. 30 m. a North Plain reclining 18d. will be a Ho- 
rizontal Plain for the Latitude of 56d. 30 m.; for if you add 
38d. 30 m. the Complement of the Latitude to 138d. oo m. the 
Reclination, the produCt is 56d. 30 m. ſo that a Horizontal made 
for the-Latitude of 56d. 30m. will bea North Recliner, cr South 
Incliner for the Latitude of Þ 5-4-4 
But when.the Complement of the given Latitude, and the Plains 
Reclination do excecd god. being added together, and ſubſtra- 
ted for 180, the Remainder is your New. Latitude. A North 
plain in the Latitude of. 51 d. 3@-m. Reclining 65 d. 30m. will be 
a Horizontal Dial in the Latitude of 76d. oom, for jf you add 
33 d. 30.m, the, Complement, the Latitude to 65 d. 30 m. the 
plains Reclination, the ſum is 104 , which being above go, ſib- 
ſtrat it from 180, the Remainder is 76 d. oo m. { that x Ho- 
rizontal Dial for the Laticude of. 76 d. oom. will a North Recli- 
ag Di 65d..3om, or a South Taclining Dial for the Latitude 
of 51d. 30 m, h | 
If the, Reclination of the North plain be equal to the Laticnde 
of the place 51d. 30m. as in this Exagiple, then the Reclination 
of the plain, and the Complement of the Laticude being added, 
makes go for your New Latitude; ſo then ſuch + plain will lie 
paxalel to the EquinoQtial ig the Sphear ; and to make a _ = 
þ Cc 
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fucha plain, you have no more to do but to divide a Circle into 
24 equal parts, and drawing lines from the Center to each of 
thoſe parts, will be the true Hour lines for ſuch a Reclining plain ; 
and for yoor Stile, *tis no more buta ſtreight Wyer or pin, ſet up 
in the Center of the Circle, and your Dial is compleat. 


How to find the Deelinstion of any Plain by the Sans Azimuth 
from the South, awd the Horizontal diſtance 
from the Pole of the Plain. © 


This may be performed by a Qhadrant, in this manner : Apply 
one ſide of a Quadrant to the plain, holding it (as near as you 
can ) parallel to the Horizon, then hold up a third, with a 
Plummet at the end thereof, by the Iimb of the Quadrant, till 
the ſhadow of the third paſs through the Center of the Quadrant, 
and then obſerve what Degrees the ſhadow -of the third catterh 
( accounting them from that ſide of the Quadrant, which is per- 
pendicular to the Plain ) for thoſe Degrees, and the Horizon al 
Diſtance. )-— At the fame time ( as near as _ be) take the 
Suns Altitude, and from thence, find the Azimwth : theſe things. 
thus-attained, will gize you the' Plains. Declination ; abd by-the 
Rules ——_ the: Coaſt towards: which the Phirn declineth, 
whether from the Neorrh or South, towards: either Eaſt or Weſt, 
from whence all Declinations are accounted , and mult neyer ex- 


ceed go Degrees. 


By &. M. tinderftand before Noon, and by Þ, M. Afternoon, 
&c. by Azim. Atimurb ING 


If = take- the Horizontal diſtance by a Qradrant, and a 
Thred and Plummet, account that ſide with Sights, the Right-hand 
fide, and the other the Left, and either of theſe being perpendi- 
cularto the Plain, account the right or left ſhidow from the aid 


perpendicular ſide, &c. 


Herts 
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 . Here follows. all the Varieties that can happen, 


1. From the A M vpn wr left ſhadow, 
Tothe A M. Azim. add right ſhadow 
SE &4Fromthe P Might Hadow, ſubſtratt Azim, 
Aad it gives. the Degree of Decliaation of a plain decli- 
ning South-Eaſt. 


2, From A M lefc ſhadow ſubſtrat the Azim. 
TothePM Azim. add left ſhadow, or 
To the Þ M Azim. ſubftradt right ſhadow, 
And you have the Declination of a South Weſt plain. 


y oy end go Daren, 


3- Then tothe A M Azim. add right ſhadow, and ſub- 
prwnns g- nn 180 Degrees. 
But if above'18o Degr 

To the Þ M Arim. Ls tutor, and dedutt 180 d. 
fromle, and in both theſe Caſes, you have the De- 

of Declination of a North Eaſt plain. 


zim, add left ſhadow, and fubdu& 
fk wy if above god. or to the AM 


ſhadow and dedu@ 180 therefrom, 
cheſs Cx es you have the Declination'of a 


Tr 


Ea 
: 


F 


4 
Nat 


wu. 
M Axim. and left ſhadow being added be 
50d. ori if from A M AxJa. you ſubftraCt right 


RE e- 
3 there remain 90 d. *tis then an exact 
Eaſt plain, 


6. If from PM Azim. you ſubſtraCt left ſhadow, and 
w 3 


m4 


in 


there remains 9o, or if toP M Azim. you add right 
ſhadow and it make go, this is a full Weſt plain. 


If 
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R $ 7. If at-any time before or after Noon you ſubſtract 


right or left ſhadow from the Azim.and there remain - 
cod, oom. tis then a full South plain. 


8. If at any time right or left ſhadow be added to the Azims 
and it amounts to 180 d.. then: tis a ful North plain, and 
theſe are all the Varieties that can happen in taking the 
Declination. Situation, or-Poſition, 0 -any plain that 
is Vertical; the Inclination and Reclination is moſt - 
eaſily taken by a Quadrant. and Ruler, well :known to-; 
moſt. Artificers. . 


ARRATA:. 


Theſe Fanlts in the Ufe of Encyclologinm, baving alſo'eſciped -! 
the Preſs z you are deſired toCorreft as.you meet them in: your-c 
Reading, 


* 4» Line 14. f r moving, Read fixed, p- 4. L 72. for 340, r.produt 3;05c . 
Ps I. þ 1, for meving, TI. fixed, P» 11s 12, for fized, r. moving. p. 131.13 -- 
for 15 45, r. 26 5t- P+ 13+ I. 15, forgh.4i ms 1.4 h, 12 m.. p. 13s 1,17; fort: 
© 12m I. 049m» + 13s 1.15. foro 48, rro12m-.. 


In the Title Page of the Triangular Canon of Artificial Sines and * 
Tangents, for. Fe 9s the Uſe of SINES, read Supplysng the:: 
Uſe of SEC A Ss. 


South Direct upright. Pig: Il. 


wv 


NI} 


F, . 


o©<< << ovowewoes 


- - 


PTTL 


A H 
VI 
= 

\ & an 


: # 


OS SS 


Fg: 
A 


= 
. 
» 
x 
s > 
. 
* 


- 
— 


Os 


TW Lat: 51: 


Pg 
A. 


REO TT TI ++ 


o- cowyw 


»' 
X. 
Page 


HorizontalDrall LCack Drrect upright. Pig: ll. 
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In avy Parallel of Lutitnde, to kyow how many Learues will Au- 
has ſwer co one degree of Longirnde, in that Parallel, 


The Canon js thus, 


As the Radius or Sine of go | 
is tothe Co-ſine of the Latitude, | | ® 
$0 is the Number of Leagyes contained in ons Equinoftial De- 
gree, to the Number of Leagues anſwering to one-Degree of 
.of Longitude, in that Latitude. 


For Example, bh | 
In the Latirnde of 18 d. and 2 m. I demand how many Leagues 
Sailing in that Parallel, will alter my Longitude one Degree : 


-By the Inſtrument thus, 


Slide go'on the moving Sine'to 71 d. 48 m. the Complement of 
"the Latitude on the fixed, and look for, 20, on the moving Line of 
Numbers ( which is the Number of Leagues-for one Degree on the 
'EquinoQtial ) againſt 'ic on the fixed, is 19, and therefore every 19 

; failed 1n that Latitude, altereth my Longitude one De- 
gree. - And if you deſire to know your difference of Longitude in 
Miles, look for 60, the Number of miles in one Degree of the Equi- 
noQial, on the moving Line of Numbers, againſt it on the fixed 
is $7, the Number of miles that anſwers to one Degree of Longi- 
tude 4in that Parallel. 

In the Latitude of 51 d. and 30 m. if it be demanded how many 
Leagues 'in that Parallel, do anſwer to'one Degree of Longitude ? 
Slide the Radius go d. on the _—_ Sine, io 38d. 30m. the 
Complement of the Latitude on the fixed, then againſt 20, on the 
moving Numbers, is 12 and 5o pts. on the fixed, which is the 
Number of Leagues which will alter the Longitude one Degree, in 
that Latitude 5id. 30m.; And if you would have it in miles; 
look for 60 on the moving Line, againſt it is 37, the Number of 
-miles as before, on the fixed. 


Ddd -— 


REES? = 


D - 


" 
- A 
i 


\ 


' To find how many Miles do anſwer to many Degrees 
þ Longitude in any Parallel. oy 


Suppoſe you Sailed in the Parallel of 50 d. till you have altered 
your Longitude 35 d. and you would kr ow how many miles you 
ave ſailed, you muſt reduce the 35 d. into miles or minutes, myl- 
tiply them by 60, they make 2100, the difference of Longitude in 
miles. Slidethe.moving Sine of god. to the Sine 40d. the Com- 
plement of the Latitude, and look for 2100 on the moving Line of 
Numbers, and againſt it on the fixed, is 1350, and ſo many miles 
will anſwer to 35d. in that Parallel : And if you would multiply 
the 35d, by 20, the Produdt is 700, which look for on the moving 
Lineof Numbers ( without altering the Inſtrument) againſt it on 
O_—_— is 450, the Number of Leagues you have ſailed in that 
Parallet. 
Upon any Rumb propoſed, to find how many Leagues do anſwer 
to one Degree in the meridian, or any great Circle. 


The Canon is thus, viz. 

As the Cofine of the Rumb from the meridian 
is to the Radius bs: 

So is 20 Leagues, the meaſure of one Degree in any great Circle, 
to the Leagues that anſwer to one Degree on that Rumb, 


Example, 


Suppoſe you fail upon the 4th. Rumb from the meridian, which 
is the point Nor-Eaſt, or Nor-Weſt; or elſe the point South-Eaſt, 


or South-Weſt, and you' would know upon that Rumb, how many 


Leagues do anſwer to one Degree of the meridian, or alter the 
Latitude one Degree. 

Slide 45, the Coſine of the Rumb, from the meridian to the Ra- 
dius or ſine of go, on the fixed, againſt 20 on the moving Line of 


Numbers, is 28 and almoſt a half jn the fixed, #nd therefore 28 - 


Leagues and a half' make one Degree, or alters the Latitude one 


Degree iafailing vpon that Rumb, 


FINTS. 
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